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THE BACTERIA OF SWINE PLAGUE, ByE.KLEIN.MD., 


extent in this and other countries—Swine plague or swine fever, pig 


infection is easily carried out by means of the air, and that the essence 
of the virus is a rod-shaped micro-organism, a bacterium ; this I had 
cultivated artificially outside the body of animals, and with such 


F.RS., Joint Lecturer on General Anatomy and Physiology in 
the Medical School of St Bartholomew's H. ospital, London. 


In a paper read before the Royal Society on February 17, 1878, I 


etiology of an acute infectious disease affecting swine to a very large 
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typhoid or pneumoenteritis, or hog cholera. I have shown that the a 
lungs, intestines and serous membranes are constantly and severely . 
diseased and that particles of these organs are capable of starting the 
malady by inoculation into healthy pigs. I have also shown that 


artificial cultures I was able to produce infection. The bacterium, as 
cultures had proved to me, belonged to the species of bacillus; motile, 


very minute and capable of forming spores. 
In a detailed memoir (Reports of the Medical Officer of the Local 


Government Board, 1877—1878) I have given a minute account of the 


pathology and etiology of this disease, and have there also stated that it . 
is capable of transference by inoculation to some rodent animals, : q ) 


- notably tame mice and rabbits. In 1882 M. Pasteur published the 


results of observations on this malady in France (Comptes rendus, No. 23, 4 
4 December, p. 1120), maintaining that the essence of the virus of swine a 
fever (mal rouge, rouget) is not a rod-shaped bacterium, but a dumb-bell of 
micrococcus, similar to that of fowl cholera, ‘Sa forme est encore celle 
d'un 8 de chiffre, mais plus fin, moins visible que celui du cholera’ 
(des poules). 
That in swine plague micrococci do occur very abundantly as -:. a 


~ dumb-bells and as zoogloea, of that fact I was well cognisant, and I 


have minutely described their occurrence in the ulcerations of the - 
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large intestines, the lung and pleura, in the ulcers of the tongue and 
larynx (Reports of the Med. Of. of the Loc. Gov. Board, 1877—1878), 
but I have not attributed to their presence any but secondary — 
importance, 

In a second communication M. Pasteur (Comptes rendus, No. 22, 
November 1883, p. 1163) tells us, that the microbe of the swine 
fever was discovered by his assistant, the much lamented M. Thuillier, © 
—whose very beautiful researches with M. Pasteur on the bacillus 
Anthracis justly won him the estimation of his French and foreign 
colleagues,—in cultivations made from the blood of pigs suffering 
from swine fever; that this organism is a dumb-bell of micrococcus 
(en chiffre 8); that cultivations in beef-broth yielded a virus which 
produced swine fever; that rabbits and pigeons are very succeptible 
to this disease, in fact in some departments of France have died out 
through infection from swine ; that rabbits inoculated with the cultivated 
virus die, that also pigeons inoculated with the virus die under exactly 
‘the same symptoms as when inoculated with the micrococcus of fowl 
cholera; that when the cultivated virus (le microbe du rouget du porc) 
is passed through several rabbits in succession it becomes attenuated, 
not as regards rabbits but. as regards swine, so much so that using 
it now to inoculate pigs, it will be found that while they become 
slightly ill, they nevertheless do not die, but remain immune against 
the virulent disease. 

These are in substance the assertions made by M. Peatenss they 
are, as is evident to every worker in this field of the slater: of 
micro-organisms to infectious diseases, of the greatest importance. 
It is therefore greatly to be regretted that M. Pasteur has not 
embodied in his paper the details of his observations, for on analysis 
it will be seen that beyond his bare assertions, which no doubt 
appear to him quite justified from his observations, there is for the 
worker nothing to go by. It is exceedingly difficult to judge what 
he really has observed. There is no description given of the pathology 
of the disease in rabbits as compared with that of the pig and 
pigeon, there is no description given of the malady provoked by 
his attenuated virus, nor of the test that he subjected the pigs 
inoculated with his attenuated virus, ie. the virus that had passed 
through a succession of his rabbits, beyond the publication of two 
letters by the owners of the ‘ vaccinated’ animals that these animals 
have not succumbed to the malady, although others i in the same ee, 
not previously inoculated, had succumbed, 
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BACTERIA OF SWINE PLAGUE. 3 


"It is impossible to say whether these rabbits had really the 
swine fever or died merely from septicaemia, It would have been 
important to find also a statement what the mitigated malady in 
the pigs was, inoculated from those rabbits: what was the course 
of the temperature; was there any swelling in the glands near the 
seat of inoculation? I have seen a good many pigs inoculated with 
culture of the bacterium of swine fever, which beyond the swelling 
of the glands and beyond a transitory rise of the body temperature 
on the second and third day, by one or even two degrees C., showed 
no other signs. Had I omitted to inspect the glands near the seat 
of inoculation and had I not taken the temperature regularly I 
should have been unable to recognize the malady. 

At the outset it seemed to me probable, that, as in the case 
of the microbe of fowl cholera, M. Pasteur did not work with 
pure cultivations of the microbe of the swine fever, viz. that he 
worked with cultivations in which there were very probably the 
specific microbes and an accidental contamination, probably a dumb-bell 
form of micrococci. The first, ie. the true microbe of swine fever, 
M. Pasteur has overlooked, as I shall presently conclusively prove, 
‘the other he has seen and taken for the specific microbe. This 
- other or accidental microbe is probably the microbe of fowl cholera 
or a similar organism. For how is it, I would ask, that the pigeons 
that he inoculated with his cultures died under symptoms and with 
anatomical lesions identical with those of fowl cholera, whereas all 
inoculations of pigeons that I have made with virus directly 
derived from the diseased swine,—diseased lung, diseased bronchial 
glands, i.e. virus which invariably produces the disease in swine 
and: in other susceptible animals,—and with my artificial cultures 
of the organism of swine fever, produced absolutely no effect, neither 
local nor general? Surely only because the cultures that M. Pasteur 
experimented with contained something different from, something 
additional to the virus of swine fever. Had Pasteur inoculated 
pigeons directly from the pig, ill or dead from the disease, which 
he strange to say omitted to do, he would have at once convinced 
himself that pigeons are not susceptible to swine fever. That his 
rabbits may have died from the swine plague is possible, but it is 
‘more probable, that like his pigeons they died of a septicaemia 
produced by the microbe en chiffre 8. This M. Pasteur ought to have 
taken into account, particularly by reason of his previous observations 
of the great susceptibility of rabbits to a microbe of this kind, which 
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he cultivated from saliva of a child suffering from hydrophobia, and 
which microbe he thought, quite erroneously as is now well known, 
to be the virus of hydrophobia. _ 

Of the rabbits which died in consequence of inoculation with 
his cultures of the microbe of swine plague, no description whatever 


is given, neither of the symptoms of the disease nor the anatomical 
appearances found after death. 


_ That rabbits are susceptible to the disease, this I had proved 
in 1877 by inoculation with material directly derived from the pig, and 
I have described in detail the pathological appearances presented 


these animals. 


In the same memoir I have also given a detailed description of 
experiments on mice—which are still more susceptible to this malady— 
both after inoculations with the virus directly derived from the pig 
as well as with the artificially cultivated virus. 

Of a microscopic examination of the tissues of the animals dead 
of the disease there is of course no mention made, a proceeding 
which M, Pasteur appears to consider as altogether superfluous. 

Owing to these statements of M. Pasteur I have made many new 
experiments of artificial cultivations of the micro-organism of swine 
fever, and I will describe here the results of these experiments and 


also of new observations made on the diseased organs prepared with 


the new methods of anilin-staining. In this last part of the inquiry 


I have been very ably assisted by my friend Mr A. — to whom 
amy best thanks are due, 


These observations were made incidentally to my work on air-disin- 
fection in swine fever, which work I am carrying on for the Medical 
Officer of the Local Government Board, in ‘whore Reports these 


-experiments will be published in Getail. 


1. Examination of diseased organs of pigs dead of swine Sever. 
a. As I have mentioned in my former Report, in the bronchial 
exudation, in the juice of the lung tissue, in the peritoneal exudation, 


and occasionally but not generally also in the blood, minute rods can be 


seen already in the fresh state. Preparing sections through the typically 
ulcerated mucous membrane of the large intestine, staining these in 
anilin dyes and examining them under the microscope, I find this: 
In the superiicial parts of the necrosed membrane are present large 
numbers of microceci of various kinds, chiefly varying in the size 


7 te the elements and in the mode of aggregation, some being small 
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and forming an ‘irregular zoogloea, others being two and three times 
larger and aggregated in small clumps. These micrococci stain well 
in Spiller’s purple and in methyl blue and are present only in the © 
necrotic parts of the ulceration, in which they appear irregularly 
distributed. But in the depth of the tissue and extending in many 
places into the inflamed submucous tissue are seen streaks and 
clumps of minute rod-shaped bacteria, which coincide as regards size 
(length and thickness) with the bacilli which I described in my 
former memoir, the single organisms being about 0-001 to 0°004 mm. 
long, and about a third or a fourth as thick. They are occasionally 
seen forming a chain or linear series. In some places they lie closely 
together in groups and many are seen in optical section, and then 
it is necessary to be careful not to confound them with micrococci. 
They stain well and conspicuously with magenta. 

b. Sections made through the fresh or hardened swollen mesenteric 
and inguinal lymph-glands and examined in the same manner as the 
intestine reveal the presence of clumps of the same minute rod-shaped — 
organisms as in the intestine. They are chiefly aggregated in a 
peculiar manner; in a few places they are scattered irregularly through | 
the tissue, but are chiefly contained in what appear to be capillary 
vessels and minute veins. Looking at a clump of these organisms, 
one imagines them at first to be a zoogloea of micrococci, but using 
oil-immersion lenses and Abbe’s substage condenser it becomes certain 
that they are undoubted rods, some smooth and uniform, others 
more or less beaded. As a rule, when one has before one a small 
blood-vessel filled with them and cut across, the rods look like 
dots, but in a vessel cut longitudinally or in the tissue itself there 
is no difficulty in ascertaining that they are distinct rods. : 

ce. Sections through the diseased parts of the lung reveal in 

preparations stained as above the presence of large numbers of 
micrococci in the cavity of the bronchi and air vesicles, but not in 
all lungs, since I have found lungs in which they were altogether 
absent. But there are always present in smaller or larger clumps 
_ the same minute rod-shaped organisms as mentioned above. They are 
embedded in a coagulum filling the air vesicles or they block up 
a blood-vessel in the wall of a bronchiole or air vesicle. In the 
air vesicles I have seen exudation cells, white blood corpuscles 
containing clumps of the rods; they are well brought out by Spiller’s 
purple. In the air vesicles of some lungs I have seen them grow 
to very long chains,—leptothrix, ten, twenty and more times the 
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length of the single rods. These rods were present not only in 
the air vesicles, but also in the tissue itself, both of the walls of 
the air vesicles as well as of the smaller or larger bronchi. — 

d. In sections through ulcerations of the mucous membrane of the 
tongue—these ulcerations do not occur commonly in swine fever, but in 
isolated cases I have seen and described them as well as ulcers in the larynx 
(see my Report to the Med. Off. of the Loc. Gov. Board for 1877)—I 
have seen in the superficial parts of the ulcers large clumps of micrococci, . 
but in the depth and extending between the inflamed muscular tissue I 
have found the same rod-shaped organisms as mentioned above; they 
are chiefly in spaces between the bundles of the inflamed connective- 
tissue, forming here streaks of longer or shorter chains, 

2. Examination of diseased tissues of mice and rabbits. 

In the juice of the diseased lung, in that of the liver and spleen, the 
minute rods can be seen already in the fresh state, in the heart’s blood — 
only occasionally. Sections through the diseased organs (spleen and 
liver) of mice and rabbits dead of this disease, produced either by inocu- 
lation with the virus of diseased organs of the pig, or with the diseased 
organs of a mouse or rabbit dead of this disease, or with artificially 
cultivated virus, show on microscopic examination the presence of the 
same rod-shaped bacilli mentioned as present in the organs of the pig. 
The juice of the enlarged spleen of a mouse or rabbit (see below) reveals 


already in the fresh state, but still better in preparations made after the 


Weigert-Koch method of drying a thin film of the juice on a covering 
glass and staining with Spiller’s purple, or better still with gentian violet, 
the presence of beautiful minute bacilli; they are also well seen in 
sections through the spleen and the diseased parts of the liver. As I 
shall presently mention, the liver of mice dead of the disease is in most 
instances altered in a very striking and characteristic manner, there being 
present large numbers of minute whitish specks and streaks more or less 
confluent and chiefly due to coagulation—necrosis of the liver tissue. 
These changes are especially abundant near the anterior margin, so that 
often the tissue of this part is almost entirely necrosed. In the earlier 
stages masses of the liver cells near the central vein of the acini are 
necrosed, later on also the capillaries between them become transformed 
into hyaline or fibrous bands. In these necrosed parts we find in some 
cases the blood-vessels—capillaries and small veins filled with continuous 
masses of micrococci, staining readily with Spiller’s purple and methyl 
blue, but in sections stained in addition with magenta we found scattered 
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amongst the micrococci, especially at, the margin of the necrosed parts, 
beautiful masses of the same rod-shaped organisms as mentioned above, 
either singly or in chains of two, three and four, or in small groups, This 

‘fact is so striking that even a superficial observer cannot help noticing 
it. Single rods, or two or three are found also independent of blood- 
vessels, between and in the liver cells themselves. They measure between 
0°002 and 0:005 mm. In other cases no micrococci are to be seen, but the 
liver cells of the necrosed parts-or those at the boundary of necrosed 
parts contain beautiful groups of the rods ; they stain well in an alcoholic 
solution of magenta. 

_ I have seen the’same rods, singly and in small clumps in the 
Malpighian corpuscles of the kidney; the capillaries of the glomeruli 
are impermeable, being transformed into nyatine or slightly fibrous 
bands. 


3. Artificial cultivations. Be have made the following artificial 


cultivations, 


a A capillary pipette recently made and drawn out at one end into 
a very fine point like a needle, is pushed with this end well into the 
diseased organ, lung of pig a short time dead of the disease, or into — 
the bronchial gland of the pig, or better still into the spleen or liver of 
a mouse or rabbit recently dead of the disease; the surface of the part. 
to be used, is previously washed after Koch's matted with a solution of 
perchloride of mercury deadly to all micro-organisms. By squeezing 
the part a small quantity of juice is easily pressed into the capillary 
pipette, This is then withdrawn and the fine pointed end is pushed 
through the cotton wool plugging the mouth of a test-tube containing 
sterilized material to be inoculated with the fluid. Cotton wool, 
test-tube and nourishing material are reliably sterilized. 

The cotton wool plug is before inoculation just slightly drawn up, 
but not lifted out, and immediately pressed down again into its former 
position, when after inoculation the capillary pipette is withdrawn. | 

As nourishing material is used: chicken broth, rabbit broth, solution 
of peptone (two parts of beef peptone, two parts of cane sugar in 100 
parts of distilled water), fluid Hydrocele exudation, solid Hydrocele exu- 
dation (solidified by evaporation), Agar Agar and peptone (solid). Of 
these materials I found for this and similar cultures of the organism of 
swine fever, such as will be presently described, chicken broth, rabbit- 
broth, peptone solution and solid — exudation very suitable, the 
others not quite so good. ti. 
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b. From blood of a diseased pig. A pig had been inoculated with 
an artificial culture, which as tested on mice and rabbits contained the 
active virus. The temperature of the pig rose 24 hours after inoculation 
from 39: to 39°8, after 48 hours it rose to 40°2; in this stage blood was 
obtained from the vein of the ear and with this blood eight test-tubes 
with sterilized nourishing material were inoculated in the manner above 
stated. After exposing the test-tubes in the incubator for several days no 
growth of any kind of organism made its appearance. The temperature 
of the above pig fell on the fourth day to 39°8, but on the fifth day rose 
again to 40'4. On this day again blood was withdrawn and with it 
inoculations of artificial cultures were made, but with no success, After 
several days’ incubation at a temperature of 35 C. no growth whatever had 
made its appearance. [That the fluids inoculated with this blood were 
suitable for the growth of the organism of swine fever is proved by the 
fact, that these same tubes were afterwards inoculated with cultures 
containing the organisms, and of course a copious crop was the 
result. | 

c. I have been more successful with the blood of rabbits ill with, 
or dead, from the disease. But I have had failures in some cases. 
In the first instance the pointed end of a capillary pipette is inserted 
into @ vein, in the second, the pericardium is opened, the pointed end of 
a capillary pipette is pushed through the wall of the right ventricle 
or auricle into the cavity of the heart, and a quantity of blood is thus 
obtained, 

The inoculation of sterilized material in test-tubes is then performed 
as above. In many instances after incubation for 24 hours, I have 
obtained a copious growth of the organism of swine fever. But in © 
other instances the inoculation with blood did not produce any growth. 

Tn all instances of successful inoculation the fluids inoculated and 
kept in the incubator at 30—42C. (best at 35—40C.) became after 
24 hours uniformly turbid, there being present multitudes of minute 
rods, actively moving, spinning about, darting to and fro. 

An exception was met with in the cultures made from the diseased 
lung of the pig, for in these there were present besides the typical rods 
also numbers of micrococci and some long thin bacilli. 

I have made successful inoculations by the dozen and have found 
invariably the same organism: minute rods, in active motion, such as is 
_ observed in the case of septic bacterium termo and of bacillus subtilis. 
M. Pasteur has entirely overlooked this organism, otherwise he could 
not have failed to notice its motility. Most of the rods are single, 
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some are double, one placed behind the other, or sometimes these are 
found in a chain. They are rounded at their ends. In length and 
thickness they coincide with the rods described above as found in the 
tissues of animals dead of the disease. 

After 48 hours’ incubation the number of the rods is increased, and 
there is to be seen at the bottom of the fluid a small amount of a whitish 
precipitate, made up entirely of the rods, but not moving. After three 
or four days’ incubation the fluid is still uniformly turbid, but the 
amount of deposit is increased, and there is an indication, on the surface 
of the fluid, of a pellicle, i in the shape of minute whitish specks closely 
placed and confluent in many places, especially where the fluid is in 
contact with the glass. 


This pellicle consists of moving and non-moving adi some ales, 


thrice and four times as long as others. Some are 0°005 mm. long. 


On the sixth day of incubation the number of rods increases, the 
amount of bottom deposit is greater, and the pellicle on the surface is 
more distinct and coherent. In the fluid are only a few moving rods; 
this condition is still more pronounced on the seventh and eighth day, 
there being now hardly any moving rods visible. 

The longer rods include either at one end or both, or sometimes also 
in the middle a bright granule having all appearances of a spore, the 
rods themselves being composed of a very pale substance. 

Fresh cultivations are made with these cultures; they are all 
successful and give precisely the same results. The pointed end of a 
capillary pipette is pushed through the cotton wool plug of one of these 
test-tubes into the fluid, a small quantity ascends into the pipette, the 
pipette is withdrawn and with it a second, from this a third, from this 
a fourth, from this a fifth cultivation is established. 


The rods we have to deal with in these cultures cannot be bacterium 


termo, since they are twice and three times as long as the known 
bacterium termo, besides the larger examples are really single rods since 
staining them with anilin dyes does not reveal any differentiation. The 
shortest examples might be taken for bacterium termo, since in them the 
length is not more than once and a half or twice the thickness but 
the larger examples are four, five, and more times longer than they are 


broad. That we have to deal with one species only is proved by there 


being present all intermediate forms between long and short rods and 


chiefly by the fact that new cultures made from them invariably yield 


in the first 24 or 48 hours the : same kind of rods, i.e. motile and all of 
the same length. 
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Measurements which I have made on several preparations showed 
the following: | 

In a fresh specimen made of a ILL. culture on the third day of incuba- 
tion started with the spleen of a mouse dead of the disease, the rods 
varied in length between 0°0036 and 0:0054 mm., their thickness being 
about a third to a fifth of this. : 

. In a specimen made of a similar culture after 48 hours’ incubation, 
but dried and stained, the rods measured in length between 0002 and 
00026 mm. 

The rods in a section of the hardened liver of the same mouse were 
0002 mm. in length or a little more. 

Solid nourishing material, such as hydrocele fluid solidified ie | 
evaporation, when inoculated on the surface yields the same rods; after 
- two or three days’ incubation a whitish film appears on the fatten of 
the material, which during the next days increases in thickness and | 
breadth, This film is composed of the same rods as above, some motile, 
others not, many of them appear granular after several days’ incubation. 

: I will readily admit, that the rods seen in the diseased organs of the 
pig, mice and rabbits as well as those of the artificial cultures of the first 
day or two may be regarded as bacterium termo, but against this I have 
to mention, that there are amongst them rods, which by their length most 
— certainly correspond to bacilli; this is well seen in preparations made of 
the fresh spleen and liver after the Weigert-Koch method, and also in 
those of the artificial cultures after the second day’s incubation ; besides, 
the presence of spores in the longer rods decidedly shows that they are 
bacilli and not bacterium termo. : 

_ 4, Two pigs have been hitherto inoculated with artificial oulturos—~ 
one with a second culture derived from the swollen bronchial gland of a 
pig dead of the plague, a second pig with a third culture derived from 
spleen of a mouse dead of the disease. 3 

In both cases after an incubation of two days the inguinal glands near 
the seat of incubation became swollen, and this swelling increased in id 
next days to a considerable degree. 

The temperature rose first. by one, then by another degree Celsius, 
fell then to its normal height, but on the seventh day rose again a 
degree and kept so for a day or two, During the first rise of the 
temperature the animal fell slightly off in its feeding, but when the 
temperature fell it fed again all right. In the third and fourth week the: 
animal seemed right except for the swollen inguinal glands, But from 
my former investigations (Reports of the Med. Off. of the Loc. Gov. Board. 
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1877—1878 p. 218) I know that if such an animal is killed the lungs 
and intestines are found diseased to a degree that one would not have 
imagined from the look of the animal while living. — | 

Inoculations into the subcutaneous tissue of mice and rabbits: with 
the fresh particles of diseased lung and bronchial glands of the pig; 
with cultures made of the bronchial gland of the pig; with spleen and 
liver of mice and rabbits dead of the disease ; with cultures started from 
blood and spleen of mouse and rabbit and carried on artificially in the 
test-tube through several generations, invariably produced a typical disease 
ending in death. In pigeons, however, I have not in a single instance 
seen any local or general effect. 

Mice inoculated subcutaneously with an infinitesimal dose of the natu- 
ral or artificially cultivated virus show, after about 24 hours incubation, 
redness and swelling at the seat of inoculation. But they remain in 
apparently perfect health, as regards movement and feeding for the two 
or three days following the inoculation. On the fifth or sixth day they 
become quiet, their eyes appear partly closed, they do. not feed well. 
Some hours later they are dying, their power of movement is greatly 
impaired, their backs curved, their hairs are erect, the eyes almost closed, 
their body feels cold, and their respiration is superficial and slow. Death 
occurs between the fifth and seventh, rarely on the eighth or ninth day. 

On post mortem examination the following appearances are noticed : 
the seat of inoculation is discoloured, no oedema; inflammation of the 
small intestine (jejunum and duodenum); occasionally peritoneal exuda- 
tion ; spleen several times enlarged, dark, firm; kidneys dark, enlarged ; 
liver enlarged, uniformly permeated by minute whitish points, which in 
some parts, notably near the inferior margin of the organ, are confluent: 
into whitish masses. In a well pronounced case these masses are nume- 
rous and anastomose with one another. The lungs shew haemorrhage, 
and in most instances smaller or larger parts of the lobes are intensely 
inflamed, being in a state of red hepatisation. 

Rabbits inoculated with virus (natural or artificially cultivated) show 
a rise of temperature on the second day ; this rise amounts to one degree 
of Celsius. On the third day the temperature rises another degree. 
On the fourth day the temperature rises again by one-half to one degree, 


and it keeps high till about 24 hours preceding death, when it gradually 


sinks below the initial normal temperature and then death is imminent. 
The animal becomes slow and quiet, its eyes become partially closed and 
death soon follows, Death occurs in most cases between the fifth 
and seventh or eighth day, 
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On post-mortem examination the seat of inoculation ‘is occasionally 
red and occasionally there is slight haemorrhage, no oedema; peritonitis 
with copious exudation is not uncommon; haemorrhages under the serous 


‘covering of the large and small intestine are often seen; in some - 


the first part of the duodenum shows copious haemorrhage in all coats ; 
the spleen is constantly several times enlarged, dark and firm; the liver 
is enlarged and shows exactly the same pathological appearances as in the 
mouse. The kidneys are enlarged, dark, occasionally there are haemor- 
rhages under the outer capsule. The lungs are generally inflamed, and 
there are haemorrhages in minute points under the pleura; in many 
cases large sections of lobes are in a state of red hepatisation ; there 
is generally pericarditis, occasionally there are seanceresninnn es under the 
visceral layer of the pericardium. 

These post-mortem appearances in mice and rabbits have been — 
described already in my Memoir in 1877, but then I had not so large 
a number of successful cases as I now have. x 

I know of no acute infectious disease except anthrax, in which the 


pathological appearances as regards spleen liver and lung occur with 
such constancy as in mice and rabbits inoculated with natural or artificially 


- cultivated virus of swine plague. It is hardly necessary to say that this 


disease is in no way related to Koch’s septicaemia in rabbits and mice. 
The course of the disease, the pathological appearances arid the organisms | 
are totally different in the two diseases. | 
- Inoculations of test-tubes containing sterilized nourishing material 
made in the manner above described from the spleen of a mouse or rabbit 
dead of the disease—blood is also good but not quite so reliable—has 
invariably yielded a copious growth of the typical motile rods, and these 
have been cultivated through several generations. Each culture when 
used during the first week of incubation for subcutaneous inoculation 
invariably produced death in mice and rabbits between the fifth and 
seventh or eighth day with the typical post-mortem appearances. 

With reference to M. Pasteur’s statement that passing the virus of 
the pig successively through several rabbits its activity becomes attenu- 
ated as regards the pig, I have as yet had no experience, but I hope 
soon to be able to test it. However I should like to point out that pigs 
inoculated with artificially cultivated virus (derived from the pig or 
mouse or rabbit), although becoming ill, do not die; this I have pointed 
out in my former Memoir, and also that a good many pigs inoculated 
with dried virus derived directly from the pig do not die. And it is 
quite possible, as in Pasteur’s cases, that the virus of the rabbit (and- 
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also of the mouse) fatal to these animals is not fatal to pigs. But 
whether pigs after recovery from this illness are not capable of con- 
tracting a second fatal attack, as Pasteur maintains to be the case, _ 
must-be-proved by direct experiment. 


M. Pasteur, however, has first to show, which undoubtedly he as not 


shown, as far as I can make it out, that his rabbits did die from swine 
fever and not from septicaemia; further he has to show, which he has 
not shown, that his pigs inoculated with the virus derived from the 
rabbit had a mild form of swine fever; and lastly, he has to show that 
such pigs when re-inoculated with virus derived from the pig do not show 
any alteration, that is, neither swelling of lymph-glands near the seat of 
inoculation, nor rise of temperature ; that they do not die, does not 
prove anything, since many pigs not previously ‘vaccinated’ do not 
necessarily die of the disease. 

I hope soon to be able to ascertain whether or not healthy pine when 
inoculated with virus that has passed through the mouse or rabbit 


_ behave differently from those inoculated with virulent material directly 


derived from the pig dead of swine fever, but a priort there is no im- 
possibility in such a difference existing ; that is to say, it is quite possible 
that the virus becomes hereby weakened, as regards pigs, but not as 
regards mice and rabbits; we know now, that while sheep die of virulent 
anthrax when inoculated with ordinary cultures of bacillus anthracis or 
its spores, or with bacillus anthracis derived from sheep or cattle dead 


of the disease, they do not die but only suffer a passing illness when 


inoculated with this virus after having passed through a white mouse, 


this last animal dying from it (Klein and Roy). And also we know 


from the experiments of Dr Burdon-Sanderson and Mr Duguid that 
cattle inoculated with anthrax bacilli first passed through the guinea-pig 
do not die but only suffer a non-fatal form of the malady, and lastly from 
the experiments of Dr Roy we know that anthrax virus having passed 
through the South American biscachas does not kill cattle, these be- 
coming ill of a non-fatal malady. All such animals, i.e. sheep inoculated 
with anthrax blood of white mouse, cattle inoculated with anthrax 
blood of the guinea-pig, and cattle inoculated with anthrax blood of 
biscachas are for a time at least crue ta ceees to a fatal attack of the 
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ON RHYTHMIC CONTRACTION OF THE CAPILLARIES 
IN MAN. By T, LAUDER BRUNTON, MD, FRS. 


RHYTHMICAL contraction and dilatation of the small blood-vessels 
independently of the action of the heart were first observed by Wharton 
Jones in the veins of the bat’s wing’: and next by Schiff in the 
arteries of the rabbit’s ear. A similar occurrence was observed by 
Cohnhein and Gunning in the web and tongue of the frog, and by 
Ludwig and myself* in all the arterial twigs of the subcutaneous 
eonnective tissue. Ludwig and his pupils, Sadler and others, have 
also found such variations in the flow of blood through excised muscles 
as can hardly be explained in any other way than by supposing that weg 
mauseular vessels have a rhythmical contractility. 

_ Rhythmical pulsation of the vena cava and pulmonary vein was 
observed by Fayrer and myself in the rabbit ; and although this fact was 
known to Haller and others, it was not to be found in modern text- 
books, 

_ Rhyt hmical contractile power therefore seems to be a quality oom- 
mon to all the blood-vessels in the body; and indeed this property 
belongs to involuntary muscular fibre generally, 

The rhythm varies very greatly in its regularity, and its occurrence 
seems, to a great extent, to depend upon the application of some external 
stimulus. Romanes observed that the rhythmical contraction of the 
bells in Medusa ceased when the ganglia were all removed, but 
recommenced on the application of some stimulus, such as a little acid 
added to the water in which the bell was immersed. In the case of 
involuntary muscular fibre, mechanical distension seems to have a similar 
effect in stimulating rhythm, Ludwig and Luchsinger have shown 
that the tension inside the heart is a powerful stimulus to its rhythm’. 


1 Philosophical Transactions, 1852, page 131. 
2? Ludwig’s Arbeiten, 1869. 
3’ Ludwig und Luchsinger, Pfliiger’s Archiv, Bd. 25, 1881. 
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RHYTHM IN CAPILLARIES OF MAN. 1% 


Luchsinger found that when artificial circulation was kept up in tlie 
bat’s wing distinct pulsation could be observed in the veins 20 hours 
after the animal's death. Ifthe pressure of blood was allowed to sink to 
zero, the pulsation stopped, but recommenced. when the pressure was 
again raised to 40 or 50 centimetres of water’. 

This experiment appears to show conclusively that the rhythmical 
pulsation in these vessels is a function of the involuntary muscular fibre 
composing their walls, and not of the nervous system, because the 
central nervous system has completely lost its function, and it is unlikely 
that the peripheral nerves would retain any independent action on ‘oe 
vessels so long after somatic death. 

Tam not aware that rhythmical contraction and dilatation of the 
capillaries independently of the heart and respiration has hitherto been 
described in man, I think I have seen somewhere an observation that 
the hectic flush on the cheek has been noticed to grow larger and 
smaller, but this might be nothing more than dilatation and contraction 
of the vessels coincident with the pulsations of the heart or with the 
movements of respiration. The cases in which I have observed 
rhythmical pulsation independent of the heart and of the respiratory 
movements were cases of marked aortic regurgitation. When the 


aortic valves are incompetent the blood flows back into the heart during 


the diastole, leaving the pressure in the arterial system low. The — 
heart thus receives during diastole blood from two sources, from the 
pulmonary veins and from the aorta; so that at the next systole a very 
large wave is forcibly driven into the relaxed aortic system. This not 
only gives rise to the water-hammer pulse described by Corrigan, but 
the alternate distension and relaxation of the small arteries render 
pulsation in them much more readily observed than in ordinary 
The method of observing it is this. The finger-nail should be drawn 
once or twice up and down the middle of the forehead; a red streak is 
left, which will sometimes remain for many minutes. This streak 
undergoes variations of width and brightness which are very evident to 
the eye, and some of which coincide with the beats of the heart. In_ 
some cases the pulsation is so evident that the pulse of a patient can be 
counted with ease at a distance of five or six feet, or more. I do not 
know to whom this method of observation is due. I first learnt it 
several years ago from Dr Dreschfeld, who informs me that he saw it 


1 Luchsinger, Pfliger’s Archiv, Bd. 26, page 452. 
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in Gerhardt's Auscultation und Peroussion, Tiibingen, 1876, 3rd edition, 
page 69. 

Capillary pulsation sbdiations with the beats of the heart was, as 
far as I am aware, first noticed by Lebert’ in a case of aortic aneurism, 
and it was shown by Quincke’ to occur in healthy persons but to be 
specially well marked in cases of aortic regurgitation. 

In the red streak just mentioned it is quite easy to observe in 
addition to the visible pulse corresponding to the cardiac beat, a second | 
rhythm of contraction and dilatation corresponding to the respiratory 
movements, and the rate of which is about 18 per minute or papsararen 
the rapidity of the cardiac pulsations. 

But in addition to those two rhythms it appears to me that bin i is 
a third, which I am inclined to regard as due to independent contraction 
of the minute vessels and corresponding to the rhythmical pulsations 
already described as occurring in the lower animals, 

On account of the difficulty of seizing the exact moment at which 
the red streak attains its greatest and least breadth, and on account of 
the interference of the cardiac and respiratory rhythms, it is difficult to 
ascertain precisely the rate of the capillary rhythm. From a number of 


observations, however, I think one may state that it usually occurs — 
approximately at the rate of 1 in 20 seconds, so that the respiratory 


rhythm is about six times as rapid, and that of the pulse 24 times. as 
rapid as that of the capillaries. It is probable, however, that this rate is 
subject to numerous variations: and indeed in a case that I observed a 
short time. ago, capillary pulsation occurred once in about 10 seconds, or 
at nearly double the rate which I have usually observed on other 


| occasions. 


1 bakerk Virchow’ 8 Handbuch d. sp. Path. u. Therap, Ba. v. Abt. m. Lfg. 2. 


Anfi. 1867, page 390. 


* Quincke. Berlin. klin. Wochenschr. No. 34, 1868. | 
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PHYSIOLOGICAL ACTION OF CONDURANGO. By T. 
‘ LAUDER BRUNTON, MD, FRS., Assistant Physician and 
Lecturer on Materia Medica at St. Bartholomew's Hospital. 


ALL the experiments which I have performed for the purpose of 
ascertaining the physiological action of Condurango were made with 
- @ watery extract prepared for me by Mr Jeffs, Dispenser to ” 


Characters of the Extract of Condurango. 


: Oui ounce of the extract was obtained from one pound of the root. 

_It was of a dark brown, almost black colour, slightly aromatic odour and a 
_ bitter taste. It was very soluble in water and formed a dark brown 


General Action of the Extract on hen 


Some of the experiments here detailed were made with the double 
_ purpose of ascertaining the influence of Condurango on reflex action as 
well as its general action, and the animals were therefore in these 
experiments suspended, instead of being allowed to move freely on a 
level surface. 


Expsatvant I, Five grains of the extract of Condurango were marae 
-in six minims of water and jths of the mixture (43 grains) injected under the 
skin of the back of a large fe tolerably strong but not so active as most of 
the others. It was then covered by a glass jar. The frog remained quiet 
when left to itself but moved actively when touched. No effect seemed to be 
produced by the Condurango for an hour afterwards. 
_ Twenty-four hours after the frog was again examined and seemed totally 
unaffected. Four days afterwards it was found to be somewhat languid, and 
five days after the injection it was dead. 


PH, V. 2 
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Exprerment II. A strong frog was suspended by the fore legs and two 
grains of solid extract were introduced under the skin of the abdomen. Im- 
mediately afterwards the frog seemed somewhat more restless than before, and 
drew up its legs more quickly when they were touched. Its movements were 
performed in the same way after the injection as before it. When placed on 
a level surface it seemed quite unaffected by the Condurango, and continued to 
be so for the next ten days during which it was observed. 


Experiment III. One grain of extract mixed with a few drops of water 
was injected under the skin of the back of a strong frog suspended in the same 
way as the other. Immediately afterwards it became restless, and seemed also 
uneasy when touched. Otherwise it remained unaffected, and no effect of the 
Condurango could be observed during the next ten days. | 


Exprermment IV. Two grains of the extract mixed with a few drops of 
water were injected under the skin of the back of a frog suspended like the 
others, The result was the same as in Experiment IIT. 


Experiment V. Five grains of the extract were suspended in water and 
injected under the skin of the back of a strong frog. The frog was suspended 
by the head. It seemed somewhat restless after the injection but no other 
effect could be observed. Next day it seemed in its normal condition and on 
the third day also. 


ExpeRIMent VI. his oh in 
result, | 


_. EXPERIMENT VIL. The same as in V. and VI. No result was observed 
at first. Next day the frog seemed weak, and when laid on its back could not 


turn over so readily as the others, It was staaaeancal frog than the others, On 
the third day it seemed well. 


These experiments show that the extract of Condurango when 
injected under the skin of frogs produces no effect even when such 
a large dose as 5 grains is administered. 

The restlessness which is noted in those hung: up was in all proba- 
bility due to the injection of the fluid, and not to the action of the drug, 
as it occurred immediately after the operation and before there had 
been time for much to be absorbed. | 

The death of one frog after the injection can hardly be attributed to 
the Condurango, as the animal was observed to be less active than the - 
others previous to the injection, and death did not occur till several 
days afterwards. 
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General Action on Mammals. 
The experiments on this point were made exclusively on Rabbits. 


Experiment VIII. One gramme (15:4 grains) of the extract was dissolved 
in 20 cub. cent. of a solution of one part NaCl in 200 of water. It was dissolved 
in 4 per cent. NaCl solution in preference to water in order to avoid the irri- 
tation which water itself produces when brought in contact with the tissues of 
the body. Ten cubic centimetres of this solution were injected into the peri- 
toneal cavity of the body weighing 936 grammes (2 Ib. 1 0z.). 

No effect whatever was observed, 

34 minutes afterwards the remaining 10 cub. cent. were injected. No effect 
was produced. The solution had not been filtered. 

In order to test the effect of the injection of saline solution itself, 10 cub. 
cent, were injected into the peritoneal cavity of a rabbit wees 425 — 
(1 Ib, 15 0z.). 

It produced no effect. 

Next day both animals were perfectly a and lively, They seemed to 
have passed a good deal of water during the night, but as they were both in the 
same cage it was impossible to say how much had been passed by each. Both 
animals were kept under observation for several days but no further effect of 
the injection was noticed. The increased urination was probably only due to 
the water which had been injected, 


Experiment IX. One gramme (15-4 grs.) of extract was mixed with 10 
cub. cent, of water. The solution was not filtered and contained little particles, 
A cannula was placed in the jugular vein of a rabbit weighing 1030 grammes 
(2 lb. 4 0z.) and 1} cubic centimetres of the solution were injected into it. No 
apparent effect was produced. 

15 minutes afterwards one cub, cent. more was injected ; three minutes after 
the second injection the respiration was much quicker, and five ininutes after- 
wards one cub, cent: more was injected. 

One minute after the last injection the animal’s hind legs spread out letoanily; | 
and it sank down on its fore paws, 

In § minute more it turned on its side: its head became drawn back- 
warc's on its shoulders so as to form almost a right angle with the body, and it. 
gave one or two convulsive kicks. Its eyes then became very prominent and 
the cornea insensible to the touch. | 

Post-mortem Examination. The body was immediately opened. When the 
abdominal muscles were divided the legs gave a twitch. The heart was still 
- found pulsating, though only feebly. The right cavities were full, but the left 
cavities were empty. 
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In this experiment the injection of about one-third of a gramme 
(5 grs.) of the extract into the jugular vein was followed by’ death, 
whereas in Experiment VIII. the injection of three times. this dose into 
the peritoneal cavity of a smaller rabbit produced no effect. As drugs 
are generally absorbed with-great rapidity from the peritoneal cavity 
the difference between the results of the two experiments could hardly 
be due to non-absorption of the Condurango in Experiment VIII. and 
it was therefore in all probability due to — not erste with 
the action of the drug. 

The hurried breathing, convulsions and death which followed the 
injection of the unfiltered solution of the extract into the jugular vein, 
as well as the distension of the cavities on the right side of the heart 
and the. emptiness. of those on its left, seemed to indicate that the death 
of the rabbit in Experiment IX. was due to the production of emboli in 
the pulmonary artery by the undissolved particles of extract. 


In gue to test this conclusion the following experiment was 

made. 
_ Experivent X. One gramme (15-4 grs.) of the extract was dissolved in 
20 cub. cent. of warm water and filtered. When first thrown on the filter it 
passed rapidly through, but in the course of a minute or two it began to pass 
through very slowly. As soon as it began to do this the fluid was emptied 
out of the first filter and thrown upon a fresh one. In this way the filtrate 
was obtained quickly but might contain very fine particles which had — 
through the filter and might have been removed by it afterwards, 

A cannula was placed in the jugular vein of a rabbit weighing 680 grammes 
(14 1b.) and 10 cub. cent. of the filtrate were slowly injected into it. During 
the injection the respiration became hurried and occasionally a convulsive 
twitch of the limbs occurred. A few minutes afterwards five cub. cent. more 
were injected. The animal was then released, It tumbled much and seemed 
weak but could move about perfectly well. Its respiration was laboured, 
Twenty hours afterwards it seemed weak and cep and its respiration some- 
w bat 


jugular vein of a rabbit weighing 680 grammes with the effect of 
produeing hurried respiration and weakness. In Experiment IX. the 
injection of 4 of a gramme was: followed by the death of a sabi 
weighing 1030 grammes. 

The difference between these experiments consisted in the vlan 
of Here being filtered in Experiment X. and not in Experiment 
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IX. and we must therefore conclude that the fatal result in the latter 
‘ease was due to the presence of large particles in the fluid. 7 

_ The hurried breathing in Experiment X. might be due to the small 
particles which had: passed through the filter but were yet large _— 
to become impacted in the pulmonary capillaries. 


Results of on the General. Action of the Extract of 
Condurango. 


has no poisonous action. 

The extract produced no apparent effect on frogs when given in 
doses of 4 of a gramme (5 grs.), or on a rabbit in a dose of 1 gramme 
(154 grs.), an amount which is equivalent to 72 grammes (24 02.) of the 
extract, or 24 Ib. of the root for a man weighing 1501b. The convulsions - 
which occurred in Experiment IX. were in all probability due to embolism — 
of the pulmonary artery and not to the action of the Condurango. The 
_ statement of Gianuzziand Bufalini’ that Condurango has a convulsant 

action like strychnia probably depends on a mistaken misinterpretation 
of the results of experiments like that of Experiment IX. although I 
cannot be certain on this point, as I have never been acral to see their 
original paper. 

It has no paralysing action, and apparently no action of any kind on 
voluntary muscles or motor nerves, as the movements of the animals 
were unaffected by its administration. 


Effect of Condwrango on Reflex Action. — 


As Condurango produces no apparent effect, and as Dr. Joseph 
‘Xavier Eguigusen states that “it cannot be administered many days 
“in succession because in some persons nervous phenomena of importance 
“supervene”, it seemed possible that its action might resemble that of 
quinine, | | 

The following experiments were therefore undertaken in order to 
ascertain whether it had, like quinine, the power of diminishing reflex 
action. 

' They were performed in the usual way, by sonal a frog by the 

fore-arms or head and noting by the aid of a metronome the time which 
_ elapsed before it drew its foot out of a very dilute mixture of sulphuric 
acid and water. Extract of Condurango was then injected under 


‘1 Ricerche eseguite nel Gabinetto di Fisiologia della Universita di Siena, pp. T1—86, 
abstracted in the Centralblatt d. med. Wissenschaften, 1873, p. 824. 
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the skin, the foot again dipped in dilute acid, and the time till it 
was pulled out compared with: that which had been noted before 
the injection. 

To show that the mere suspension of the frog and the successive 
irritations applied to the feet had no effect on the time required for 
reflex action, a frog into which nothing was injected was suspended at 


- the same time as the others. 


ExrertmEntT XI. Four frogs were suspended by their arms, and their feet 
irritated by very dilute sulphuric acid. After each — of the acid the 
foot was carefully washed. 


In the following account # stands for si foot, L for left foot, and the 
numbers under each indicate the number of seconds before the foot was drawn 
out of the dilute sulphuric acid. 


Time. | FrogI, | Frog Il. | Frog | Frog IV. Remarks. 


hi Frog I. was tested first, 
but on dipping its right 
foot into the acid, it became 
apparent that it was too 
strong. It was therefore 


diluted and again applied. 
» 38 | 12” 10”) 13" 6”) 13” 4” 8 
15” 25") 11" 12”) 20” 8” 10” 
4°, 0 Two grains of extract of 
Condurango were suspend- 
eee uneasy | ed in a few drops of ? per 


» 10°} quiet | uneasy | quiet quiet | cent. Nu Cl solution, and 
injected under. the skin of 
the back of Frog IV. 


On touching the feet of 
Frogs II. ILL and IV., 
they drew them away much 
more readily than Frog I. 
26” 28” | 12” 30”) 18” 46”| 4” 8”| Reflex action again test- 
32” 40” | 10” 18” 6” 8” | ed by acid, 

4 6” 3 4” 8” 8” ] l ” 9 a 9” 7 ” 


uneasy | uncasy 


Frog I. was not so lively as the others, and it will be seen from the next 
Experiments that the diminution of reflex action which occurred in it during 
this experiment is not a general rule but is due to an individual peculiarity. 
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_ Experuent XII. Two frogs were suspended by the head and reflex 
ackins tested by dilute sulphuric acid (one part acid to 250 of water). 

During the experiment both frogs struggled a good deal, and when a severe 
struggle occurred just before the acid was applied to the foot reflex action 


seemed to be somewhat diminished. 
‘Time, Frog I, | Frog Il. ‘Remarks, 
1*, 33’ 10” 49” | 26” 42” Acid of 1 in 300 was here used. 
: Frog L struggled much after acid 
| had been applied to the right foot. 
8” 14-110" 1)" Acid of 1 in 250 here used. 
13” 14” 1” 
2. 57' Five grains of extract of Condu- 
rango suspended in water was in- 
: jected under the skin of the back of 
abt. 3*. 9” 11” | 54” 26” | Frog IL 
5*. 53’ 10”. 20" 
Twenty hou 4” 10” | 36” 62” 
afterwards 20” 16” | 41” 35” 
| Frog II. very restless. 
20" | | 


During the night they were taken down and had rested. 


Experiment XIII. Two frogs suspended, and reflex action tested with 
sulphuric acid (1 to 250 water). 


Time, Frog I. Frog Il. Remarks, 
% 
: 3” 4” 6” 
3” 5” 
5” 6” 

2". 58’ Five grains of the extract of Con- 
durango suspended in a few drops of 
water were injected under the skin of 

Frog | the back of Frog IL 
uneasy 
abt. 3%. 5’ 2” 3”) 8” 10” Frog I. remained untouched, 
They were taken down at night 
Twenty hou 4" 2”) 5” 7" | and not left suspended, 
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Expentuent XIV. Two frogs were suspended by the head, and reflex 
action tested by applying dilute sulphuric acid wns ae acid in 250 of a 3 


to the feet. 
Time, Frog I. | Frog Il. Remarks. 
RK R 
96' 11” 8” 8” 5” 
52’ 10” 6” 6” 4” : 
»» 89 Five grains extract of Condurango, 
| suspended in a few drops of water, 
were injected under the skin of the 
back of Frog II. 
Frog I. was untouched. 
| Frog II. became uneasy and rest- 
3”. 10’ 12” 10” | 9” 8” | less immediately after the injection. 
abt. 6", 8” 10” Frog I. had — and 
Twenty hours 17” | befound. 
afterwards 12” 18” 


For greater convenience in comparing the results of these ex- 
periments I subjoin the mean number of seconds required for reflex 
action in each of the frogs during the time they were suspended 
before Condurango was injected into some of them, and the number 


of seconds required during the time they _ after the injection 


had been made. 


EXPERIMENT 


Frog I. | Frog It, | Frog Il. | Frog IV. 

R. L. R. L. R, L. 

In the time before injection | 123 14 | 103 112/13 154 
After 343 34/10 163 | 153 31° 72 

Difference | 2131 20 $ 51) 92 15 Se 
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Frog I. 


_Uninjured, 
-In the time before injection 14 
After 107 


Difference | “98 
less less 


XITI. 


Prog I 


In the time before injection 
| After 


Difference 


In the time before injection 


_ Difference between the number of seconds required for reflex action 
during the time the frogs were suspended before the injection of Coadurangn, 
and i in the time after the injection. 

Uninjured Frogs. 
. 2142 more 20 more 
in the time ate injection 


Frog I. Expt. XII. . less less. - 
yz More yy more 


XII 
te 
rog 
grs. 
extract. 
322 39 
— 
244 291 
more more 
he 
Got 5 grs. of 4 
Uninjured. | 41, 
extract. 
R. L. R. L. 
12 2 52 
, 74+ 68 
more more more more 
EXPERIMENT XIV. 7 
Frog I, Frog II. 
ag 
Uninj Got 5 grs. 
ninjured. q 
of extract. 
10° 103 
12 
more more 
3 
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R. L. | 
3 less 5j,more FrogII. Expt. XI. 2 grs. solid extract 
23 more 15% more 2 grs. in water 
24,4, more 294 more 


In only ‘one of these experiments (Experiment XII.) does any 
marked diminution of reflex excitability occur after the injection 
of Condurango. Nearly as great a diminution is to be observed in 
Experiment XI. Frog I. where nothing had been injected, and it is 
therefore probable that the exceptional diminution in Experiment XII. 
as well as in Experiment XI. Frog I. is to be ascribed to an individual 
peculiarity of the frog and not to the action of the Condurango. 

In most of the other experiments we find a slight diminution 
of reflex excitability, but it is very slight and might be due to the 


exhaustion produced me the o— of the animal after the injection of 
the drug. ie 


Conclusions regarding the Effect of Condurango on Reflea Action. 

_ Unlike quinine Condurango has very little effect on reflex action. 
A slight diminution of reflex excitability was observed after the injection 
of the extract into frogs in doses of 2 or 5 grains, but the number of 
experiments is insufficient to show whether or not this was due to 
the exhaustion produced by the struggles of the frog. 


Effect of Condurango on Circulation and Respiration. 

Experiment XV. A cannula was placed in the trachea of a rabbit and 
connected by india-rubber tubing with a T tube, to one limb of which was 
attached a stopcock which allowed of more or less free communication with 
the atmosphere and the other limb of which was in connection with one of 
Marey’s cardiographic levers which registered the respirations on a revolving 
cylinder. By increasing or diminishing the resistance which the stopcock 
opposed to the entrance of air into the tracheal cannula the amplitude of the 
excursions of the lever could be altered at will. 
_ The blood-pressure was registered by a kymographion connected with a 
cannula in the left carotid of the rabbit. The number of cardiac pulsations ° 
_ was estimated from the undulations produced by them in the blood-pressure 
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Time. —— Pulse. Remarks, 
in millimetres in 74” | in 74” Each 6™ iration became q 
larger than the when the 
abt. 4". 15’ 120 21 62 | injection was made. a 
5 cub. cent. of a suspension of 
; 4 grammes extract in. water was q 
injected into the peritoneal cavity. 
18 6} The respirations became deeper 4 
| | and the undulation in the tracing a 
of the blood pressure correspond- a 
| ing to every 6™ respiration be- a 
comes very distinct, while pre- @ 
viously it was very slight. 4 
This seems due to the pain of | 
| the injection and the excitement a 
of the animal after it. 
abt, 4°. 23’) 120 
: Injected about 2} cub. cent. q 
more. The undulations in the 4 
| pressure curve again became more q 
| distinct and the respirations much a 
| more forced, q 
4", 32’ 114 20 q 
| Attempted to inject. more solu- 
tion into the peritoneum, but the a 
| tube seemed stopped up and the a 
solution would not enter. A clot 4 
now formed in the cannula in the 
carotid, so it was cleaned out. In 
order to prevent the blood from 
ing too far into it after read- 
justment, the bicarbonate solution 
of soda was po into it at a | 
pressure nearly equal to that at 4 
which the blood had formerly stood. 7 
When the artery was again con- 
é nected with the manometer it was 4 
| found that the blood pressure had a 
fallen, and therefore some of the . 
bicarbonate of soda in all proba- q 
bility passed into the artery. _ 
70 16 8 q 
66 | 
21.45” Injected 4 cub. cent. of a satu- 
rated solution of extract of Con- 
durango in }per cent. solution q 
which had been filtered while hot - a 
into the jugular vein. ‘ 4 
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‘Time, Blood-pressure. | Pulse. | 
| in 74" | in 

bh, 29’ 60 nia. 

22'.15" 50 124] 8 Cardiac pulsation larger. 

22.30” 56 8 | 
. 64 

5*, 24’.30” 64 14 | 

30’ 48 1531 9 

The animal was then killed. 


EXPERIMENT XVI. A cannula was placed in the trachea of a rabbit and 
connected as in the previous experiment with one of Marey’s levers by a T tube 
and a stopcock. 

The movements of the registering lever were increased or diminished accord: 
ing to the greater or less resistance which the stopcock opposed tothe entrance — 
of air into the T tube. 

_ A second cannula was placed in the left carotid and sataitad with a 
kymographion which registered the blood- -pressure. The number of cardiac 
pulsations was ascertained by counting the ies ote which they produced 
in the blood-pressure, 


~The Condurango was injected — ne vein. 


Respi- 


Pulse. | ations. Remarks. 
in 74” | in 74” 
35 74 
Right vagus irritated 
by an interrupted current. 
7?) 15% Respiration trembling 
and imperfect. Irritation 
stopped after continuing 
for 74”. The pulse im- 
mediately became quick 
and the blood-pressure 
30 | 14 
36 | 
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Tracing II. 
Blood- i- 
Time. pressure, | Pulse. Remarks. 
in milli- 
metres of | in 74” | in 74” 
| Mercury. 
Some 
‘after Trac- | BS cont of cold 
I. . | saturated solution of Con- 
durango were filtered and 
injected into the seal ju- 
afterinjection| 103’ | 96 | 34 
696 33 of 
Tracing III 
| ning of | 
Tracing 
ant 83 33 10 
24’ 74 10 
oF 77 30 10 
373" 75 9 
45 75 30 9 
52} 78 10 
6 75 10 | 
15 75 -| 9 |) — Right vagus irritated. 
224° 63 — The nerve was not 
30° 73 14 5 divided. 
37}! 83 124 Irritation continuing. 
45 88 | 13 12? 
2", 95 13 14 |} Irritation stopped. 
15 124 28 11 
224’ 113 11 
of 106 30 11 
373’ 101 1 
45 99 11 
524’ 98 113 
Tracing IV.. 
93 
94 3 
15 102 {| 12 | Right vagus irritated. 
22 «102 10 Irritation continuing. 
30 102 10 Respiration very weak. 


Irritation stopped, 
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15’ 103 

102 

101 

374’ 100 

45’ 95. 

52)’ 94 

1", 98 

1%, 7}! 94 

The animal was now killed. , 


~ 


34% 


11 


Or 


Experiment X VII. 


A strong rabbit weighing 6 lbs. was experimented on. The respirations, 
pulse, and blood-pressure were recorded as in the previous experiments, 


Both vagi divided. 

The pressure curve shows 
large undulations which 
do not correspond with the 
respiratory or pulse wave, 
but extend over a period 
nearly equal to that occu- 


pied by 2} respirations. 


_.. Peripheral extremity 
of the right vagus irri- 


Irritation stopped. 


Tracing I. 


Time. Pulse. ‘Remarks, 
metres of | in 74” | in 74” 
Mercury. 
131 
15 131 30 8 
131] 30 8} 
Both vagi cut. 
7} 128 34 6 3 
15 129 34 5 : 
30’ 128 33 5 
37} 128 33 5 
45 126 
127 34} 


q 
= 
Tracing V 
‘ 
= 
Time Pulse. ks. 
ressure rations 
wis ” 
a tres of | in 74” | in 74 
Merc 
| 
5 
4 43 
. 
3 Tl 
2 
= 
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Time. 


Remarks. 


Tracing IV. 


142 


in 74” 


34} 


321 


27 


Vagus irritated and 
heart stopped. 
Blood pressure fell 


during the first stoppage 
38mm. in ,f of a second. 


The electrodes were then 
less closely applied to the 
nerve, and the pressure 
rose, 


After the irritation 
ceased three respirations © 


succeeding it were much 
smaller than the others, 
Vagus again irritated. 
The blood-pressure sank 
48mm. in , of a second. 


Irritation stopped. 
Respiration very small. 
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Blood- Respi- 
pressure, * | rations. a 
in milli- 
metres of | HJ | in 73” a 
Mercury. a 
15 127 33 4 E 
153 
18} 
46 
30’ 
33° 
37} 47 7 a 
39 36 0 4 
47’ 186 
162 6 = 
* 0 160 | 53 
ww 
‘ 4 126 
15 123 36 6 a 
123 q 
15 122 35 5 
224 124 5 a 
30 120 5 
3 


Remarks. 
n to inject a solu- 
7 | tion of Condurango (fil- 
22}! 127 6 | tered) into the jugular 
3 125 31 5 vein. Injected 10 ¢.c. con- 
374’ 123 32 |” sf taining 25 grammes of ex- 
45 123 | 6 | tract. 
524’ 123 |} 6. 
Injection finished. 
os! 123 333 | 5} 
7 122 6 
15 119 32 54 
16} Left irritated. 
Blood-pressure fell 38 mm. 
ase in 3° ths of a second. 
21’ 61 
27°. 106 84) 6 Irritation stopped. 
118 


At this time peculiar curves began to appear in the blood-pressure tracing. 


I could not understand in the very least what their cause was at the time, but 
when the experiment was finished I found that a clot of blood had formed in 
the tracheal cannula, which would obstruct the breathing, and was in all 
probability the occasion of these curves. As this would complicate to a great 
extent the effects observed I have ‘not noted this part of the re 


Results of Haperiments XV. XVI. and 


Blood- 
pressure Pulse. | Respiration, Remarks, 
Expt. XV. | unaltered] slightly | slightly | Injection of 1gramme of 
slower slower | extract into the peritoneum 
somewhat | quickened| quickened gramme more, 
less normal| to normal 
less | slower |’ no effect Injection into the jugular, 
Expt. XVI. Jess no effect quicker do, . do, 
Expt. XVIL| unaltered | quicker | quicker } gramme into jugular ;— 
vagi cut. 
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“These experiments show that Condurango has no action on the 
pressure of the blood when it is injected into the peritoneum in large 


doses, The diminished blood-pressure noticed in some instances might 


be due to the animal’s strength being diminished by its position on the 
board and the effects of the operations. Its effect on the pulse and 
respiration is not constant, the injection being sometimes followed by 
quickening and sometimes by slowing, and moreover the results which 
followed its injection into the jugular might in some degree be due to 
the presence of fine particles in it having a mechanical effect. 

The whole subject of the pulmonary circulation, the action of drugs — 
upon it and the effect which changes in it produces upon other parts of 
the body, is at present very imperfectly known, and it is therefore 
extremely difficult or impossible to say what the effect of such fine 
particles 23 were contained in the solution of extract might be when 


_ they once -nter the pulmonary vessels. 


For the purpose of ascertaining whether Condurango had any effect 
in contracting or dilating the arterioles and capillaries, the vagus was 
irritated so as to stop the heart, and the rapidity with which the blood- 
pressure fell during the stoppage of the heart before the ingootion + was 
compared with that which was found after it. 


ExprRIMENT XVII, II. 


- 8 
fell 38mm. in ,8-ths of a second 


48 2 
” ” ” f 
» 24 4, gy in one pulse wave 4 
» 38  , ths of a second 
18 ,, in one pulse wave 
These numbers show that with the instrument employed no definite 


conclusion can be drawn regarding the state of contraction of the 
arterioles, but indicate that no extensive alteration was produced in 


them by the Condurango. 


It may seem strange that I have not made any experiments on the 
effect of Condurango on tissue change as indicated by the amount of 


urea and salts in the urine more especially, as it has been recommended 


especially in cases where a drug possessing an influence over tissue 
change would be likely to be serviceable. The experiments of Boeck 
have however shown that those drugs, such as iodine, morphine and 


quinine, which have some effect upon tissue change produce but very 
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slight alterations compared with those which result from variations’ in 
food, and Toldt and Nowak have found that the amount of Nitrogen 
varies even in the flesh of the same animal, so that it would be almost 
necessary to analyze the flesh eaten every day as well as rigorously to fix 
its amount, and this would be more than anyone could well undertake 
who could not devote his whole time to the work. 


Summary. 


Watery extract of Condurango has no action on frogs even when 
injected into the dorsal lymph-sac in doses of 5 grains. On rabbits it 
has no poisonous action when injected into the peritoneal cavity. When 
a solution containing fine particles in suspension is injected into the 
jugular vein the animal dies with symptoms of opisthotonos. When the 
coarser particles are removed this does not occur although the breathing © 
is quickened, It is not improbable that the quickening of the breathing 
is due to the lodgments of fine particles in the pulmonary capillaries and 
that the opisthotonos which I noticed in one experiment (Exp. IX.) and 
which has been supposed by Granuzzi and Bufalini to be due to the 
direct action of Condurango on the nerve centres was really due to 
_ asphyxia caused by pulmonary embolism. 

Unlike quinine Condurango has very little effect on reflex action’. 

_Condurango when injected into the peritoneum even in large doses 
has no action on the blood-pressure. 

It does not exert any definite action on the arterioles nor does it 
paralyze the peripheral terminations of the vagus. 


1 Since the preveding experiments were made Mr Pardington and I have found that 
the diminution in reflex excitability which Chaperon described as caused by the injection 
of quinine into the lymph-sac of the frog probably depends on the local irritation produced 
| 
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ON THE CONNECTION BETWEEN PHYSIOLOGICAL 
ACTION AND CHEMICAL CONSTITUTION. By 
JAMES BLAKE, FRCS, 


THE interesting relations that haye lately been found to connect many 
of the physical properties of the elements and their compounds with 
their molecular structure renders it desirable that I should call attention 
to the facts I published some years ago shewing the influence of chemical 
constitution on the physiological action of inorganic compounds, Since 
_ my first communication of my results in a paper read before the Royal 
Society in 1841 (See Vol. 5 of the Proceedings) my experiments have 
been much extended, so as to include the investigation of the physiolo- 
gical action of the compounds of forty of the elements. With these 
extended investigations no facts have been met with that were not in 
accordance with the conclusions I then published. In the paper alluded 
to I stated “the most curious fact which a consideration of the above 
“experiments presents to us, is the close connection which appears to — 
“exist between the physiological action of these substances and their 
“chemical properties, The property to which I more particularly allude 
“is that of isomorphism, The analogy in the physiological action of 
“isomorphous substances was first forced on my notice by the resem- 
“blance that exists between the salts of silver and of soda in their action 
“on the animal economy when injected into the veins, differing as these 
“salts do in their sensible chemical properties, but closely connected as 
“being isomorphous. Farther investigation soon proved that this fact 
“was of far more importance than I had anticipated by shewing that 
“most strikimg points of resemblance exist generally between isomor- 
“phous compounds in their action on the animal tissues when introduced 
“directly into the blood.” In a paper read before the Academie des 
Sciences at Paris in 1839, in speaking of the connection between 
chemical composition and physiological action I stated, “Ce rapport n’est 
“pas, il est vrai, tel que l'état actuel de la science des affinites chimiques 
“nous. l’eut fait prévoir, car il est évident que les décompositions 
“effectuées dans le sang par ces sels, décompositions sur lesquelles 
“roule tout leur action physiologique, dépendent de la base du sel, et ne 
“sont que peu modifiées par la combinaison de cette base avec les acides 
“méme les plus puissants’.” 

In 1871 in a communication to the California Academy of Sciences 
_ 1 This fact has lately been rediscovered by Dr Ringer, at least as regards the action of 


saline solutions on the frog's heart. He apparently was not aware that a more general 
law including his facts had already been discovered. 
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I pointed out another interesting fact connecting the physiological 
action of these inorganic substances with their chemical constitution, 
viz. “That amongst the salts of the metallic elements the intensity of 
“their physiological action was connected with the atomic weight of the 
“element, so that when the elements are arranged in isomorphous 
“groups, the action of substances in the same isomorphous group is a 
“function of the atomic weight, the greater the atomic weight the 
“smaller the quantity required to produce the same physiological 
“action.” The following is a list of the substances whose physiological 
action has been investigated, arranged in — groups, TT. 
with their atomic weights :— 


1, Soda Group. 2. Magnesia Group. 5, Barve Group. 

: at. w at. w. at. w. 
Lithia 7 Magnesia 24 Lime 40 
Soda 23. Manganese 55 Strontia 87 
Potassa 39 Iron (FeO) 56 =Baryta 137 
Rubidium 85 Nickel 58 
Silver 108 Cobalt 58 
Cesium 133 Copper 63 
Gold (196 Zine 65 
Thalium 204 Cadmium 112 
4, Aluminium Group. 5. Platinum Group. . 7. Uncertain. 

at. w. at. w. at. w. 
Beryllium 13. Palladium 106 Lead 207 
Alumina 27 Platinum 197 Lanthanum 92 
Tron (Fe,0,) 56 Iridium 198 . Didymium 96 
Yttria 61 Osmium 199 Erbium 112 
Cerium (Ce,0,) 92 

3 6. Thorium Group. 
Cerium (Ce,0,) 92 
Thorium 204 
Non-METALs. 

8. Phosphorous Group. 9. Sulphur Group. 10. Chlorine Group. 

at. w. at. w. at. w. 
Phosphorus 31 Sulphur 32 Chlorine 35 
Arsenic 75 Selenium 79 Bromine 80 
Antimony 122  Todine 127 


I now propose shortly to describe the more important physiological 
reactions that are characteristic of these different isomorphous groups 
reserving for another memoir a more detailed account of my recent 


researches’, 


_1 The way in which these experiments were conducted was by injecting a solution in 
water of some soluble compound of the element directly into the veins and arteries, the 
immediate effects on the circulation being ascertained by the manometer, and in some 


of my later experiments by the kymograph. 
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‘1, Soda group. When salts of any of the elements contained in 
this group are injected into the veins in a sufficiently concentrated state 
to give rise to any well-marked physiological reactions they kill by 
arresting the passage of the blood through the lungs, apparently by 


causing contraction of the pulmonary arteries. When the solution is 


strong enough this is so complete, that the circulation is immediately 
arrested, and the animal dies, the respiration being stopped by the great 
venous congestion caused by the blood not escaping from the right side 
of the heart. In these cases the left cavities of the heart contain a 


_ small quantity of arterialized blood, for although the heart continues 
soued contracting some minutes after respiration has ceased, the obstruction in 


the lungs is 86°¢omplete that no venous blood can pass into the left 
cavities. When the quantity of the reagent used is not sufficient to 
arrest the pulmonary circulation, the action on the lungs is shown by 
the escape of serous fluid into the bronchial tubes, so that they become 
filled with froth, and the animal soon dies asphyxiated, the tissue of the 
lungs being generally hepatized. Even when injected into the arteries 
these substances kill by their action on the lungs, sometimes reaching 
the lungs in a sufficiently concentrated state to arrest the pulmonary 
circulation, although exerting no appreciable action on the systemic 
arteries or the other tissues which they reached in a more concentrated 
state. When injected into the arteries the quantity required to kill is 
much greater than when introduced into the veins, With the salts of 
thalium for example the fatal dose by the veins is about 0:06 per kil., 
by the arteries about 0°87 per kil. The salts of gold and silver cause 
contraction of the systemic arteries as well as of the vessels of the 
lungs. The action of the whole of the substances in the soda group, 
with the exception of the potash salts, is to keep up the irritability of 
the heart. As regards the salts of soda it is well known that a dilute 
solution of these salts will almost replace the blood in keeping up the 
irritability of the organ, and the salts of gold will keep the heart contract- 
ing‘many hours after death, even when the temperature of the body has 


fallen from 38° to 25°", 


The action of substances in the soda group on the nervous system is 
but slight. Even when injected into the arteries they generally kill by 
their action on the lungs, either directly arresting the pulmonary circula- 
tion, or causing effusion resulting in asphyxia, As regards the relatively 

} The salts of potash offer the only instance that has been noticed in which the general 


physi®logical action of a sic differs from that of the other members of the same 
isomorphous group. 
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toxic power of these substances it gradually increases in the well-marked 
- members of the group with the atomic weight, being 1:2 per kil. for 
lithia with an atomic weight of 7 and 0003 per kil. for gold with an 
atomic weight of 196. 

2. The Magnesia group. The most marked physiological action of 
the salts of the elements in this group when introduced directly into the 
veins in sufficient quantity is to suddenly arrest the action of the heart ; 
this takes place in about 10” after the salt has been injected into the 
veins. On immediately opening the thorax the heart is found either 
quite still or with but slight contractions of the inter-ventricular septum. 


In smaller quantities the effect. is to. weaken the action-of-theheart, 


causing a fall in the arterial pressure. When injected into the arteries 
they generally arrest respiration, before reaching the heart in a suffici- 


ently concentrated state to stop its action. No contraction is caused 


by these salts in the systemic or pulmonary arteries, either by direct 
contact or through the vaso-motor centre. The effect of these salts on 
the nervous system is well marked. Even in small quantities they give 
rise to a state resembling catalepsy, the animal lying like a dead mass, 
the limbs remaining in any position in which they may be placed, 
although sensation and the power of voluntary motion are retained and — 
respiration goes on naturally. Vomiting is always caused by the inject- 
ing of these salts into the blood, and they all with the exception of the 
salts of magnesia prevent or greatly retard its coagulation. As regards. 
the relative quantities required to cause death this is less as the atomic 
weights increase, being 0°970 per kil. for the salts of magnesia with an 
atomic weight, of 24, and 0°085 for cadmium with an atomic weight of 
112. The iron salts however are less toxic than their relative atomic | 
weight would indicate’, | 

8. The next group whose physiological action we will consider is 
the Baryta group including the salts of lime, strontia and baryta. When 
injected into the veins in sufficient quantities, these salts destroy the 
irritability of the heart, its pulsation being arrested in diastole. Scarlet 
blood is found in the left cavities, and the blood coagulates firmly. 
When injected into the arteries the heart’s action is affected in 
3” or 4”, Its pulsations are quickened and the pressure in the arteries 
is slightly increased. There is, however, no marked contraction either 
of the pulmonary or systemic arteries. Even when introduced into the 

1 The same anomaly is seen as regards the salts of soda in the first group, and it is an 


interesting fact that these inorganic elements which enter directly into the composition of 
the blood are less toxic than their relative atomic weights would indicate. 
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arteries these substances kill by arresting the action of the heart, not 
causing any marked action on the nervous system. The most marked 
effect that follows the introduction of these salts into the blood is their 
action on the voluntary muscles. With the salts of lime this is shown 
by a thrill running through the whole of the voluntary muscles com- 
- mencing soon after death and lasting generally three or four minutes, 
‘With the salts of strontia and baryta these muscular movements are 
much more marked, being strong enough to.move the body half an hour 
after death on furnishing a point of resistance to the hind feet. The 
quantity required to kill decreases as the atomic weight is greater, being 


050 per kil. for lime with an atomic weight of 40, and 0°08 per kil. for 


baryta with an atomic weight ef 136. 

Group 4. In this group the salts of beryllium, alumina, iron (Fe,0,), 
yttria and cerium have been experimented with. The most marked 
_ physiological action of these salts is on the vaso-motor and respiratory 
centres, and on the intrinsic nerves of the heart. Injected into the 
veins the immediate action of the salt is to cause contraction of the 
pulmonary arteries, which, when the quantity is large, is the direct cause 
of death. With smaller quantities, as soon as the heart is reached, the 
action of that organ becomes slowed with decided vagus pulsations, the 
arterial pressure being lowered ; as soon as the salt reaches the medulla 
(in from 10” to 15”) the arterial pressure rises rapidly, owing to contrac- 
tion of the systemic arteries, and the pressure keeps above the normal 
for four to five minutes after respiration has ceased. When injected 
into the arteries the first effect is generally inhibition of the heart's 
action, apparently from stimulation of the vagus centre; and with a large 
quantity of the salt this may lead to sudden arrest of the heart's action 
in two or three seconds after the injection. With smaller doses the 
slowing of the heart is followed in five or six seconds by a rapid rise in 
the pressure in the arteries, which in the dog may reach 300 mm., and in 
the rabbit 200 mm. of mercury. This contraction of the arteries lasts for 
some minutes after respiration has ceased, the pressure keeping up even 
after the heart has stopped sending blood into the arteries, most of the 
blood after death being found in the left side of the heart and in the 
arteries. The inhibitory action of these substances on the heart di- 
minishes after the first or second injection into the arteries. The direct 
action of these salts on the muscles of the heart is to increase their 
irritability, as the left ventricle is often found contracting five or six 
minutes after respiration has stopped,and even some time after the auricles 
have ceased beating. The regular sequence between the auricular and 
ventricular beats disappears; the two auricles may beat with separate 
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rhythms, both being quite distinct from that of the ventricle, It is — 
undoubtedly by the action of these salts on the intrinsic nerves of the 
heart that these anomalies of rhythm are caused. The action of the whole 
group on the respiratory centre and on the general reflex functions of 
the medulla and spinal chord is well marked. Immediately after their 
injection into the blood the respiration is often suspended for one or two 
minutes and again goes on regularly, but very slowly. The absence of 
all convulsive movements even when the circulation continues some > 
minutes after respiration has stopped, shews that the venous blood no 
longer acts as a stimulant to the medulla as in ordinary cases of asphyxia. 
The whole of the substances in this group are very toxic. Beryllium 
with an atomic weight of 14 will kill in doses of 0:023 per kil., and cerium 
with an atomic weight of 92 in doses of 0-005 per kil.’ 

The ferric salts which are found in this group are very toxic, particu- 
larly when compared with the ferrous salts of the magnesian group. 
With the latter it takes 0°32 per kil. to destroy life, whilst the ferric 
salts are fatal in doses of 0°004 per kil. The same remark applies to the 
salts of cerium, the salts of the oxide Ce,O, being much more poisonous 
than the salts of CeO,. Nothing could more strikingly illustrate the de- 
-pendence of physiological action on isomorphous relations, than the marked 
difference in the physiological action of salts of the same element when 
found in different isomorphous classes. 

Group 5. The platinum and palladium salts when injected into the 
veins act directly on the intrinsic nerves of the heart, slowing its action 
with vagus pulsations, the arterial pressure being diminished. When in- 
jected into the arteries the vagus centre is immediately affected, the action 
of the heart being slowed in two or three seconds, The systemic arteries 
soon contract, raising the blood-pressure to 250 mm. or 300 mm. in a few 
seconds, This contraction of the arteries is very marked, keeping up 
from six to eight minutes after respiration has stopped. These salts 
exert a decided action on the respiratory centre, so that respiration is 
suspended for a minute or more and then again commences and goes on 
slowly but quite regularly. These intermissions take place four or five 
times before the respiration stops for good. Whilst they last sensibility 
is not impaired, and the animal lies quite still without the slightest con- 
vulsive movement. The platinum salts increase the irritability of the 


1 On account of the difficulty of preparing definite crystalline compounds of most of 
these sesquioxides the quantities given indicate the weight of the oxide dissolved in 
sulphuric acid. The action however is not at all influenced by the acid, as recently 
precipitated alumina when injected in a state of mechanical sae eons — the same 
physiological effects as if it had been dissolved in acid. 
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heart, which contracts for twenty or thirty minutes after respiration has _ 
stopped; the auricles and ventricles contract with a different rhythm, the 
ventricular contractions continuing some time after the auricles are still. 
The salts in this group retard or render imperfect the coagulation of the 
blood and apparently interfere with its arterialization. They are all 
very poisonous, the salts of palladium being even more toxic than those 
of platinum although the atomic weight of the latter is much higher, 
It is probable that this is owing to the palladium salts containing ruthe- 
nium and rhodium, as at the time these experiments were performed the 
separation of the platinum metals was very imperfectly understood. . 

Group 6. In this group the salts of thoria and of cerous oxide (CeO,) 
have been experimented with, They agree with the alumina group in 
acting principally on the vagus and vaso-motor centres. Their action on 
the vagus is very characteristic, giving rise to sudden changes in the 
action of the heart both as regards the character and rapidity of its 
pulsations. The quantities that prove fatal are about 0:062 per kil. for 
the cerous salts with an atomic weight of 140, and 0034 per kil. for 
thoria with an atomic weight of 231. As in the case of iron the salts of 
the lower oxide of cerium are much less poisonous than those of the 
sesquioxide. The other of the cerite metals whose salts have been ex- 
perimented with are lanthanum, didymium, and erbium. As the isomor- 
phous relations of these earths have not yet been determined by chemists 
it is not necessary to go into the details of their physiological action; 
these will be considered in a subsequent memoir’. 

The last of the metallic elements the action of whose salts have been 
investigated is lead. This element does not belong to any well-marked 
isomorphous group, It is related to the soda group through the isomor- 
phism of some of its salts with the salts of silver, and to the baryta group 
through the isomorphism of other of its salts with those of baryta. 
Physiologically also it forms a connecting link between the two groups. 
Its salts when introduced into the blood exert the same action on the 
pulmonary arteries and capillaries as do the soda salts, causing contraction 
of the arteries and the secretion of serum in the bronchial tubes, and an 


1 The principal object with which I entered on the investigation of the action of these 
cerite metals was to endeavour to supplement by physiological experiment the imperfect 
data furnished by chemistry for determining their molecular relations. This object 
has only been carried out as regards beryllium (see Chemical News, Vol. 45, Pt. 11.). As 
subsequent research has shown that at the time I procured my specimens of these earths | 
(in 1875) their preparation in a state of purity was not possible, I have not published my 
experiments in relation to their molecular structure, for Ringer’s experiments as well as 
my own have shewn how readily physiological action can be waatinee sid even very minute 
quantities of inorganic compounds, 
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analogous action to the baryta salts on the muscles, whereby muscular 
movements continue many minutes after death. They also give rise to 
contraction of the systemic arteries, which keeps up the arterial pressure 
above the normal many minutes after respiration has stopped. As regards 
its toxic activity it is much less than either of the elements with which 
its physiological reactions connect it, as with an atomic weight of 207 it 
is fatal in quantities of 0°110 per kil. 

Group 7 contains the non-metallic elements, phosphorus, arsenic and 
antimony. These have been introduced into the blood under the form 
of phosphoric acid, arsenic and arsenious acid, and tartrate of anti- 
mony. Although this group contains some of the most powerful in- 
organic poisons, they are all distinguished by the absence of any well- 
marked physiological effects when introduced directly into the blood 
even in large quantities. This is probably owing to these substances 
even in quantities of three or four grm. not apparently affecting any 
part of the nervous system. They kill either by paralyzing the heart, 
or by their action on the mucous membrane of the lungs, a serous secre- 


tion being thrown out which prevents the aération of the blood. The 


whole of the mucous membrane of the alimentary canal is also acted on 
even when the animal only lives a few minutes after the injection of the 
poison. In large quantities they arrest the passage of the blood through 
the lungs. When injected into the arteries they have no action on the 
vaso-motor centres or on the vagus. The quantities required to prove 
fatal effects in a short time after their introduction into the blood were 
0°70 per kil., for phosphoric acid, arsenic acid and tartrate of antimony, 
and 0°30 per kil. for arsenious acid. As is generally the case with these 
non-metallic elements the toxic intensity is no longer a function of the 


atomic weight. 


Group 8. Sulphur and selenium. These elements have been used 


under the form of sulphuric and selenic acids. When introduced into 


the arteries these substances arrest respiration by their action on the 
nervous system which is shewn, when given in smaller quantities, by the 
respiration being rendered slow, and laboured. They do not affect the 
systemic arteries, but cause secretion from the lung capillaries into 
the air passages. The irritability of the heart is increased, Selenic 
acid is more toxic than sulphuric. 

Group 9. This group contains the elements chlorine, bromine snl 
iodine. They have been experimented with as hydrogen and oxygen 
acids. The physiological action of the whole group is well marked and 


is identical for all the members of the group. They all act on the vaso- - 


motor and respiratory centres and keep up the irritability of the heart. 
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When injected into the arteries, the contraction of the systemic 
arteries is sufficient to raise the blood-pressure to 300 mm. (in dogs) 
and this great pressure will keep up for two or three minutes after 
respiration has ceased, Another proof of the action of these substances 
on the vaso-motor centres is found in the sudden changes that take 
place in the blood-pressure many minutes after respiration has been 
suspended, and the animal apparently dead. The gradual fall in the | 
pressure is not only arrested, but in a few beats of the heart it will 
increase 40 to 50 mm., and this may be repeated two or three times 
before the circulation stops, This increased pressure in the arteries is" 
sometimes followed by a slight movement of the muscles, which may 
take place on the pressure rising seven or eight minutes after respira- 
tion has ceased. There are no convulsions, although reflex movements 
of the lids can be caused on touching the conjunctina four or five 
minutes after respiration has ceased. When introduced into the veins 
there is a slight constriction of the pulmonary arteries, which however 
are soon relaxed. The action of these substances on the heart is to 
increase its irritability, particularly that of the ventricles, as they con- 
tinue contracting some minutes after the auricles have stopped beating. 
The arrest of the circulation is undoubtedly owing to the stopping of 
the auricles. The circulation keeps up ten to twelve minutes after 
respiration has stopped, and the ventricle has been seen to contract 
spontaneously twenty minutes longer. The action on the respiratory 
centre is shewn by respiration being suddenly suspended in a general 
tonic spasm when a sufficient quantity of the reagent has been injected. 
This may last for one or two minutes and when it relaxes the animal 
is apparently dead. Both the oxygen and hydrogen acids produce the 
same effects. Chlorine with the lowest atomic weight is the most 
poisonous, and iodine the least. 

This short résumé of my experiments will, I trust, suffice to shew 
the connection between chemical constitution and physiological action, 
and also to call the attention of physiologists to an interesting field 
‘of research, That the. investigation and careful analysis of the 
material and functional changes caused by the contact of these in- 
organic reagents with living matter must give far more satisfactory 
results in the scientific investigation of physiological phenomena than 
the empirical use of reagents of whose chemical and molecular pro-— 
perties we are profoundly ignorant there can, I think, be no doubt, 
The subject, however, is a difficult one, as forming the border-land 
between two sciences and can only be investigated with any hope of | 
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success by those who have a knowledge of molecular chemistry as well 
_ as of physiology’. 

_ Unfortunately that branch of molecular chemistry that seems most 
closely connected with physiology has of late years received but little 
attention, and is still in a rudimentary state. Here, as in all the links 
connecting chemical constitution with physical properties, we have to be 
content with approximations. Amongst the collateral facts that have 
been observed in conducting these experiments is one which I think 
throws light on the way in which these inorganic compounds influence 
_ living matter. It has been found that when introduced into the blood 
in an insoluble form but in a state of fine division, they still cause the 
same physiological action. Recently precipitated alumina or sulphate 
of baryta give rise to the same reactions as do the soluble salts of these 
bases, For instance, 0°20 of baric-chloride precipitated with 0°30 sodic- 
sulphate and injected into the veins arrested the action of the heart in 
seven seconds (0°10 under the form of sulphate had been before injected), 
and gave rise after death to the muscular movements so characteristic 
of the baryta salts; in fact these movements were more marked than 
when the soluble salts had been used, the head of the animal being 
raised off the table half an hour after death. In this case the mere 
-presence of an insoluble baryta salt gives rise to, or modifies, reactions 
in which it can take no part as an ordinary chemical reagent, acting in 
fact by catalysis. The minute quantities in which many of these 
inorganic substances give rise to marked physiological reactions renders 
it probable that this is their general mode of action when brought into 
contact with living animal fluids and solids. The connection of these 
physiological reactions with isomorphism, the preponderating influence 
of the electro-positive element of the reagent, and the important part 
played by ferments in physiological processes, all favour the view that 
the action of these inorganic compounds is dependent on catalysis. I 
propose, however, to enter more fully into the discussion of this question 
in a further communication. 


San Francisco, 
February 8, 1884, 


1 In a recent paper on this subject (see Proceedings of the Royal Society, Vol. 25), 
‘Messrs Brunton and Cash have attempted the impossible task of finding some connection 
‘between Mendeljeff’s law and physiological action, whilst employing some of the 
compound bases in their researches. It is well known that these compound bases cannot 
be made by any process to fit in to Mendeljeff's classification. 
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NOTE ON THE ACTION OF DIGITALIS. A Repty to 
Dr BLAKE By HENRY H. DONALDSON AND 
LEWIS T. STEVENS. 


In answer to a criticism by Dr Blake (Journ. of Physiol, ‘Vol. rv. No. 6, 
p. 365), on some work by us, we wish to call attention to one sentence in 
the article to which he refers (Journ. of Physiol. Vol. tv. No. 2, p. 165). 

“With the exception of Winogradoff, observers from the time of 
Blake, 1839, till Legroux, 1867, admitted the rise of blood-pressure at 
-acertain stage of the action of digitaline and attributed this rise to an 
increase in the work done by the heart” (p. 166). It was not intended 
to include either Blake or Legroux in this statement but only the 
intervening observers. 

That Legroux is not included is shown by the fact that we resorting 
his results in the paragraph next following the one quoted. 

Moreover, it is usual to either include or exclude both extremes in a 
statement like the above and hence if one extreme is excluded the other 
must be. 

Winogradoff, as is well known, did not a rise e of blood-prediure 
ant so had no opinion at all as to its cause. 

We are aware that we nowhere distinctly stated what Dr Blake’s 

view was and thus wrote obscurely. The obscurity arose however not 
from any intention to suppress or undervalue his work, but from an 
attempt to condense so far as possible the review of the literature, 
_ We did not enlarge on Dr Blake’s work because, owing to the fact 
that he used the crude drug on an unanaesthetized animal in which the 
arteries were not isolated from the heart, we considered that his conditions 
did not fulfil those for exact experiment, and were not at all decisive. 

The history of the investigation of the action of digitaline shows that 
others have taken the same view. | 

We wish to add that we had read every article to which we referred 
in our paper and so were not ignorant of the contents of Dr Blake’s 
_ article, and further that we are now writing with. it before us. 

Finally, the observation that arterial pressure rose after the injection 
of digitalis into the arteries, and the explanation of this rise as due to a 
constriction of the — were, so far as we know, first published by 
Dr Blake. 

Since 1839 the same observation and bial eae been repeatedly 
recorded by various observers, We do not claim to have offered a new 
observation or explanation, but by the use of a better method to have 
shown that the explanation already given was the true one, 
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ON THE AUGMENTOR (ACCELERATOR) NERVES OF 
THE HEART OF COLD-BLOODED ANIMALS, By 


W. H. GASKELL, MD., F-RS. 


(Preliminary convmunication.) 


In a former paper’ I have shown that stimulation of the vagus nerve 
in the frog can produce throughout two opposing effects: the one of 
the nature of inhibition, the other of augmentation. Thus taking in 
order the different factors which contribute to the beat of the heart we 
find that stimulation of the vagus may 

1. slow or accelerate the rate of the beat. 

2. diminish or augment the force of the contractions both of auricle 
and ventricle, 

3. lessen or increase the excitability of the cardiac muscle. 

4, diminish or improve the conduction power of the muscular tissue, 

Such opposing effects are evidently due to one of two causes, either 
(1) to the joint stimulation of nerves belonging to two separate nerve 
systems of which the one system contains purely inhibitory and the 
other purely augmentor fibres; or else (2) to the stimulation of nerves — 
which are able sometimes to augment sometimes to inhibit the cardiac 
_ functions according to varying conditions of the nerves or of the heart 
itself. 

In order to decide between these two hypotheses it seemed to me 
advisable to find a cold-blooded animal possessing definite accelerator 
nerves, so as to see whether the sympathetic system provided the heart 
entirely with augmentor fibres while the vagus contained only inhibitory. 
For this purpose I selected the crocodile as being the most likely of all 
cold-blooded animals to possess a nervous system closely resembling that 
of the warm-blooded. My expectations were fully answered; the 
accelerator nerves of the crocodile leave the main sympathetic chain at 
a large ganglion corresponding apparently to the ganglion stellatum of 
warm-blooded animals, and accompany the vertebral artery up to the - 
superior vena cava, where they leave the artery and passing alongside 
the vein anastomose with branches of the vagus in the neighbourhood 

1 Phil. Trans. Part 1. 1882. 
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Stimulation of these nerves increases the rate of the 
cardiac rhythm and augments the force of the auricular con- 
tractions; while stimulation of the vagus slows the rhythm 
and diminishes the strength of the auricular contractions __ 

The heart of the crocodile closely resembles in its physiological 
peculiarities that of the tortoise; it possesses a long well-isolated 
coronary nerve, and like the tortoise’ the strength of the ventricular 
contractions are uninfluenced by vagus stimulation ; as far as I have yet. 
seen they are also uninfluenced by stimulation of the sympathetic 
(accelerator) nerves. 

Seeing then that in this animal the vagus seems to contain purely 
inhibitory fibres while the sympathetic contains purely augmentor 
fibres, it seemed to me most probable that the same law held good in 
the case of the frog, and that it might be possible to separate the two 
sets of fibres. I determined therefore to examine the effect of stimu- 
lation of the vagus nerves in the frog at their origin in the medulla. 

The vagus nerve of the frog passes from the medulla in common 
with the glosso-pharyngeal nerve through a foramen in the exoccipital 
bone. Both nerves as soon as they leave the cranial cavity enter into a 
large ganglion situated close to the opening in the bone. The sympa- 
thetic chain passing upwards alongside the vertebre enters the cranial 
cavity through the same foramen as the vagus and glosso-pharyngeal 
nerves, It is in connection with the large ganglion above mentioned, 
which is in fact a conjoined ganglion of the vagus and sympathetic 
systems, The sympathetic trunk which passes into this ganglion can 
be easily isolated and put on the electrodes, By careful manipulation 
the continuation of the vagus nerve from the ganglion to the medulla 
can also be dissected out and isolated. We have then three nerves 
capable of stimulation. 1. The sympathetic trunk before it enters the 
ganglion, 2. The intra-cranial vagus. 3. The nerve ordinarily used 
and called the vagus nerve, The contractions of both auricle and 
ventricle can be registered in the manner previously described by me, 
the heart being held either by means of a clamp in the auriculo-ventri- 
cular groove or by holding the aortic trunk fast in a suitable holder. 
The effects of stimulation of the ordinary vagus trunk it is unnecessary 
again to describe. The effects of stimulation of the sympathetic on the 

one hand and of the intra-cranial vagus on the other are most striking 
and most decisive. 


1 Journ, of Physiology, Vol. 1. p. 43, 
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Stimulation of the sympathetic before its entrance into 
the combined ganglion of the sympathetic: and vagus produces 
purely augmentor effects. 

Stimulation of the vagus within the cranial cavity before 
its entrance into the epeegion produces purely inhibitory 
effects. 

The nerves of the one system cause most marked acceleration and 
augmentation of the contractions of both auricles and ventricle, of the 

other system equally marked slowing and diminution of the contrac- 
tions. The two sets of effects are both primary, are absolutely distinct 
and independent of each other; the vagus is a purely inhibitory nerve, 
the sympathetic purely augmentor (accelerator). As might naturally 
be expected the curves obtained from stimulation of the isolated 
sympathetic and vagus nerves are even more striking than those 
described in my previous paper’, which latter were of necessity due in 
all cases to the combined stimulation of the vagus and sympathetic 
nerves. 

We seevthen that the so-called vagus nerve of the frog is in reality 
the vago-sympathetic, that it is necessary, in order truly to investigate 
the nature of inhibitory action, to experiment upon that portion of the 
vagus nerve which lies within the cranial cavity and is therefore free 
from admixture with the opposing sympathetic fibres, and that finally 
the so-called “accelerator” nerves ought to be termed “augmentor” 
or perhaps better simply cardiac sympathetic nerves, for acceleration i is 
only one of their functions. 

I propose to work out the extent of the opposing influences of these 
two systems of nerves upon all the functions of the heart of the frog, 
tortoise and crocodile as fully as possible, and hope before very long to 
be able to publish the full —_ of which eeu is only a ee 
communication. 


Op. cit, 
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SECONDARY DEGENERATION OF NERVE TRACTS 
FOLLOWING REMOVAL OF THE CORTEX OF THE 
CEREBRUM IN THE DOG. By J. N. LANGLEY, M.A., 
F.R.S., AND C. 8S. SHERRINGTON, B.A. Plates I—II. 


In a previous number of this Journal’ a detailed account has been given 
of the extent of: the cerebral lesion in a dog which had been operated 
on by Prof, Goltz, An account has also been given of the condition of 
the dog when it was shown at a Sectional Meeting of the International 
Medical Association in London in 1881°; a Meeting which took place 
two anda half months after the lass operation on the dog and shortly 
before it was killed. 

It is in the medulla oblongata an spinal cord of this animal that 
we have endeavoured to determine what nerve tracts had degenerated. 

We had at our disposal the spinal cord, from the second cervical 
nerve downwards, the right half of the spinal cord above this, and the 
right half of the medulla oblongata. 

The observations of previous observers have shown that removal, 
more or less extensive, of the ‘motor area®’ of the cortex produces a 
certain amount of degeneration in the lateral pyramidal tract of the 
spinal cord from the cervical to the lumbar region. 

Since from this dog the cortex of the cerebral hemispheres had been 
‘removed unequally on the two sides, and at different dates, we hoped 
that a comparison of the degeneration on the two sides of the cord, 
might lead to some conclusion as to whether removal of particular 
portions of the cortex, cause degeneration of particular parts of the 
lateral pyramidal tract of the spinal cord. 

It seemed also desirable to determine whether secondary degenera- 
tion had occurred in all parts of the crusta ~~ pyramids or in certain — 
parts only, 


1 Vol tv. p. 286, 1883, 2 Journal of Physiology, Vol. tv. p. >, 238, 1883. 
3 The term ‘motor area’ we use for convenience, we do not thereby imply adhesion to 
any particular theory as to the localization of functions in the brain, 


PH, V. 


; 
5 
if 
f 
rs 
4 
4 
“a 
7 
4 
i 
aa 
» 
wy 
< 
; 
: 


50 J. N. LANGLEY AND C. 8S. SHERRINGTON. 


We give a brief statement of the experiments and results of previous 
observers. 

Philipeaux and Vulpian’ experimented upon three dogs. Across 
one hemisphere was made a cut, starting a short distance from the 
anterior end of the inter-hemispheral fissure, and running obliquely 
backwards to the outer posterior border of the brain. The corpus 


striatum was thus cut through, Neither in the medulla oblongata, nor 


in the spinal cord was any degeneration observed in these cases. 

Vulpian’* removed the right sigmoid. gyrus from a dog. The 
animal recovered for a time, but later had a series of convulsive attacks. 
It was killed seven months after the operation. The occurrence of 
convulsions makes it possible that inflammation had been set up in 
some part of the brain by the lesion, so that we cannot with any 
certainty refer the degeneration in the cord to the simple removal of 
the sigmoid gyrus. Moreover on dissection, the posterior part of the 
right lenticular nucleus was found to have largely disappeared. 

The right corpus striatum and right cerebral peduncle were smaller 
than those on the left side, and the right pyramid was fully a third 
smaller than the left. | 

The size and position of the degenerated area in the spinal cord is 
given as it appeared to the eye in transverse sections of the hardened 
cord; but sections were also examined under the microscope; in the 
most atrophied regions the majority of the nerve fibres had disappeared 
but some normal fibres remained. In the upper cervical region, two centi- 
metres below the pyramidal decussation, there was a degenerated area 
in the left lateral column at the level of the neck of the posterior cornu, 
of some extent in the antero-posterior direction, nearly touching the 
posterior cornu at one point, and not quite reaching the surface of the © 
cord. 

Three and a half centimetres farther down, just above the cervical 
swelling, the spot was more marked, but more limited. It was situated 
in the posterior part of the lateral column on a level with the head of 
the posterior cornu, rather nearer to this than to the surface of the 
cord, Its transverse diameter was a little greater than its antero- 
posterior diameter. | 

In the middle of the cervical swelling the spot was rather smaller 
and more rounded, In the lower part of the cervical swelling the spot 


1 Philipeaux and Vulpian, Archives de Physiologie path. et norm, 1869, p. 661. 
_ % Vulpian, Archives de Physiologie, 8, 2, T. 3, p. 814, 1876. 
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was of the same size but less distinct, and near the surface of the 
cord, 

Three and a half centimetres farther down it had nearly its original 
position but was not distinct. 

Seven centimetres below the previous section, a vague spot was 
visible near the surface of the posterior part of the lateral column, but 
this possibly had nothing to do with the degeneration. 

In the lower dorsal, in the lumbar and in the sacral region, no sign 
of degeneration could be seen. 

Binswanger’ operated on dogs six weeks to six montlis old. He 
removed the ‘motor area’ of the cortex, sometimes also removing at a 
later period any neighbouring portions of the cortex which, on electrical 
stimulation, gave rise to movements. In no case did he find’ that 
removal of the cortex caused degeneration in any part of the spinal 
cord, 

Francois-Franck and Pitres’ experimented upon two dogs. 
From one, they removed part of the posterior limb of the sigmoid 
gyrus of the right side. About ten months after the operation the 
animal was seized with convulsive movements on the left side, and died 
in a few days. A triangular degenerated area was found in the 
posterior part of the left lateral column throughout the cord; it was 
largest in the cervical region. 

From the other dog, both limbs of the right sigmoid gyrus were 
removed. The animal recovered quickly from the operation so that 
some attention was required to see that it was not quite normal. It 
was killed six months after the operation, the parts of the cortex 
around the scar being stimulated previous to its death in order to see 
what parts, if any, of the motor area remained. The stimulation 
caused movements of the eyes and ears. On dissection, the right 
anterior pyramid was found to be markedly smaller than the left. A 
triangular degenerated area—staining deep-red with carmine—was 
found in the left lateral column as in the previous dog. The corres- 
ponding part of the right lateral column was apparently not quite 
normal, although no deeply staining area was distinctly visible. 

In the following year Singer*® published an account of some careful 
observations on the effect of removal of the sigmoid gyrus. He 


1 Binswanger, Tageblatt der 52 Naturforscherversammlung, 8, 379, 1879. 

? Fran¢ois-Franck and Pitres, Gazette médicale de Paris, No. 12, p. 152, 20 Mars, 
1880. 

3 Singer, Sitzungsb, d. Wiener Akad. Hf, m1. 1881, p. 390. 
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removed the left sigmoid gyrus from four dogs, and killed one in two 
weeks, two in four, and one in six weeks. The spinal cord was hardened 
in potassium bichromate 2 p.c. He found on examination—with 
the unaided eye—of transverse sections of the cord, that an elliptical 
yellow spot could be seen in the lateral pyramidal tract. The spot — 
diminished rapidly in size in the lower part of the cervical region, 

becoming a mere speck in the upper dorsal region, and disappearing in — 
the upper lumbar region. The long axis of the elliptical spot was 

directed obliquely outwards, The spot could be made out without 
difficulty in the spinal cord of the dog killed two weeks after the 
operation, but was most distinct in the cord of the dog killed six weeks 
after the operation. | 

On examination of sections under the microscope however, distinct 
signs of degeneration were present in one spinal cord only, viz. that 
taken from the dog killed six weeks after removal of the sigmoid gyrus. 
In the others the spot stained rather more deeply than normal with 
carmine but the nerve fibres appeared to be unaltered. 

In one other dog the left sigmoid gyrus was first removed and a 
month later the right sigmoid gyrus also. The dog was killed about 
nine weeks after the first operation. Here then, on the right side of 
the cord, the degeneration had run about nine weeks’ course, on the left 


_ side about five weeks’ course. On examination with the unaided eye, 


the yellower (degenerated) spot was smaller, and disappeared higher up 
on the right side than on the left. On examination under the microscope 
the degenerated area on the right side showed no nerve fibres, it was 
composed of finely fibrillar tissue staining deeply with carmine. 

Singer attributes the failure of Binswanger (cp. above p. 51) to 
observe degeneration in the spinal cord after removal of the brain 
cortex, to his having examined the cord either too early or too late 
after the operation. In the first case the degenerative changes would 
not have set in, in the latter case the degenerative changes would be 


- over. According to Singer two to six months are sufficient to remove 


all traces of degeneration in the cord (cp. below, p. 58). 

Lastly Lowenthal’ has recently made some observations on the 
degeneration in the cord following removal of the ‘motor area’ of the 
cortex. The.dogs were operated on by Schiff. The description of the 
degeneration in one animal only is given, but it is said to hold for the 
others also. In this dog nearly the whole of the sigmoid gyrus was 


ps Lowenthal, Archiv fiir die ges, Physiologie. Bd. 31, p. 350, 1883. — 
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removed together with the neighbouring lateral regions of the iia sg 


and supra-sylvian convolutions. Unfortunately in this, as in some other 
cases which have been mentioned, the animal after a period of recovery 
from the operation had a series of epileptic attacks of which it died. | 
Hence parts of the cortex outside the region of the actual lesion may 
have been affected. 

The degenerated area was, as in the observations previously recorded, 
confined to the lateral pyramidal tract of the spinal cord. In the upper 
cervical region the spot was roughly triangular, in the lower cervical 
region it became smaller and nearly oval, the long axis of the area 
being directed obliquely outwards and forwards. In this part of the 
cord the position of the degeneration is much the same as that described 
by Singer except that the area figured by Peer | is much larger and 
its outline quite regular, 

In the upper dorsal region the spot was much smaller, in the mid- 
dorsal region its form gradually changed, so that whilst its central point 
was in nearly the same position as in the upper dorsal region, its long 
axis was directed obliquely outwards and backwards. It then became. 
thinner, so that at the end of the dorsal region the narrow band of 
_ degeneration was scarcely visible. It could not be traced farther than 
the origin of the third lumbar nerve, 


We turn now to our own observations. In the crusta, just above 
the pons, most of the bundles of nerve-fibres showed marked signs of 
degeneration, although there were many normal nerve-fibres throughout. 
No distinct degeneration was to be seen in the mesial and meso-ventral 
bundles, 

In man lesions of the motor area. of the cortex are commonly 
described as causing degeneration in, roughly speaking, the central part 
of the crusta (Tiirck, Charcot,); and lately Schafer’ has described in 
a monkey, from which Profs. Ferrier and Yeo had removed the greater 
part of the ascending frontal. convolution and @ considerable part of the 
parietal lobe, the central portion only of the crusta as being degenerated. 
The degenerated area was in contact with the substantia nigra’, That 
is to say, removal of the area of the cortex, stimulation of which produces 
movements of the opposite side of the body, causes degeneration of the 


1 Schafer, Journal of Physiology, Vol. rv. p. 316, 1883, 
2 Prof. Schafer kindly wrote to us to say that in the paper, the figure intended to show 
the area of degeneration in the crusta represents it smaller than it is. + 
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central part of the crusta. In the dog, stimulation of the sigmoid gyrus: 
produces movements of the limbs of the opposite side of the body: we 

may then provisionally conclude that in this dog the degeneration 
which has taken place in the central part of the crusta is due to the 
removal of the sigmoid gyrus, and that the degeneration which has 
taken place in the lateral part of the crusta is due to the removal of the 
cortex behind or lateral to the sigmoid gyrus. 

From the observations of v. Monakow’ on rabbits it would seem 
probable that it is the part of the cortex immediately posterior to the 
sigmoid gyrus which is in trophic connection with the lateral part of the 
crusta. v. Monakow found that this part of the crusta atrophied when 
the cortex immediately behind, and including a small portion of, the motor 
_ area, is destroyed (his zones a and b); according to him no degeneration 
occurs in the crusta when were pret part only of the cortex is 
removed. 

The mesial normal bundles of the crusta, if they are in trophic connect- 
ion with the cortex at all, must be connected with the sub-orbital lobe or 
with the internal convolution which alone of the convolutions were 
uninjured in this dog. And that they are in trophic connection with the 
cortex is fairly certain from the observations of v. Monakow’ on rabbits 
and of Ferrier and Yeo’ on apes. 

v. Monakow found that removal of the anterior portion of the cortex 
(bis zones c. e. f) in rabbits, caused an atrophy of the mesial portion of 
the crusta, the extent of the atrophy depending upon the amount of the 
cortex removed. He makes no distinction between the mesial and 
central portions of the crusta. Since the mesial portion described by 
him apparently corresponds to the mesial and central portion described 
by us, we must suppose either that in the rabbit the fibres from the 
most anterior part of the cortex and those from the cortex immediately 
behind this do not run in separate tracts or that in removing the latter 
part of the cortex be injured also fibres arising from the former*. The 


1 vy, Monakow, Arch. f. Psychiat. x11. p. 535, 1882. 

I regret that I was not aware of this Paper of v. Monakow’s, at the time of publication 
of my account of the condition of the brain of the dog operated on by Prof. Goltz (Journ. 
Physiol. tv. p. 298). The degeneration in the optic thalamus and corpora geniculata was 
in the main such as would have been expected from the results of v. Monakow’s experi- 
iments on rabbits. J. N. Langley, : 

Op, cit, 

3 Ferrier, Yeo, Proc. Roy. Soc. xxxv1. No, 229, p. 222, 1884. ‘ 

4 v. Monakow quotes experiments of Gudden (Correspondenzblatt f. schweizerische 
Acrtze 11.) to the same effect; Gudden’s account we have not been able to obtain, 
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recent observations of Ferrier and Yeo make the latter supposition the 
more probable, they find that in apes injury to the frontal convolutions 
causes a degeneration of the mesial part of the crusta. 

A comparison then of the degeneration occurring in the dog with that 
occurring in other animals after injury to the cortex renders it probable 
that the mesial central, and lateral parts of the crusta, so far as they are 
in trophic connection with the cortex at all, are connected respectively 
with its anterior, middle and posterior portions, 

It will be noticed that this agrees in the main with the conclusions 
of Flechsig* drawn from observations on the time of development of 
the medulla of the fibres of the crusta in the human embryo. 

Whether any of the degenerated fibres of the lateral part of the 
crusta arise from the most posterior part of the cortex—the occipital 
region, visual area of Munk,—the condition of things in this dog offers 
no means of determining. The general result of experiments on other 
- animals is against this being the case. | 

In a transverse section carried through the anterior portion of the 
pons (Fig. 1. Pl. I.) the number of normal nerve-fibres in the crusta was 
much less both relatively and absolutely than in the previous section 
above the pons. All the bundles were very largely degenerated, the 
ventral bundles having fewest normal nerve-fibres, the meso-dorsal 
bundles the most. This confirms the description of Flechsig and others | 
that the mesial bundles of the crusta are not continued downwards in 
the anterior pyramid. 

In the region of the trapezium (Fig. 2. Pl. I.), posterior to 
fibres of the pons proper, the degenerated area of the anterior pyramid 
was sharply marked off from the normal longitudinal fibres of the fillet 
by the transverse fibres of the trapezium. 


In the anterior part of the medulla oblongata, the lower fillet is placed 
laterally ; it consists of a white, curved, outer portion, partially surrounding 
a small mass of grey substance, the nucleus lateralis lemnisci (Roller), 
medially, it is separated by a thin layer of grey substance from the upper | 
fillet (cp. Fig. 1, Pl. I.). In passing backwards the upper fillet becomes 
smaller, the lower fillet at the same time becomes more medial and its fibres 
begin to decussate, at first curving dorsally of the upper fillet. Then, in a 
very short space the distinction of upper and lower fillet disappears, and the 
transverse fibres present are undistinguishable from the transverse fibres of 
the trapezium. The longitudinal fibres which remain between the transverse 


1 Flechsig. rch. f, Anat, u. Physiol. (Anat. Abth.) 1881, p. 12. 
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ones apparently belong in the main to the upper fillet, they are continuous 
with the sub-olivary tfact (cp. below). Immediately posterior to the point of 
disappearance of the nucleus lateralis lemnisci the median portion of the 
superior olive makes its appearance. ; 


Below the trapezium the dorsal boundary of the degenerated area is 
less definite. The fibres of the pyramid are here somewhat intermixed 
with fibres which anteriorly form part of the fillet. This layer of normal 
fibres immediately dorsal to the pyramid we will call the sub-olivary 

tract (Olivenzwischenschicht of Fle chsig). 

In man the sub-olivary tract is distinguished from the entecior 
pyramid by its being traversed by arcuate fibres running across the 
raphe (Roller), In the dog the arcuate fibres although more numerous 
in the sub-olivary tract, traverse also the dorsal part of the pyramid. 
Thus in a transverse section of this region the boundary of the pyramid 
and sub-olivary fibres cannot be made out with accuracy. In a longi- 
tudinal section the two layers are more distinct. 

In this dog, however, all the pyramid bundles are more or less 
degenerated, so that there is no difficulty in following them in transverse 
sections (cp. Figs, 3, 4, Pl. I.). 

As the pyramid at the anterior end of the decussation sinks into the 
anterior fissure, forming in transverse section a somewhat triangular — 
mass, part of the sub-olivary tract also continues downwards (cp. Fig. 5, © 
Pl. 1.), and becomes placed in the main lateral to the pyramid, 
forming in transverse section a thin band of small nerve-fibres between 
the largely degenerated bundles of the pyramid and the large nerve- 
fibres of the upward continuation of the anterior columns of the 
cord (Vorderstranggrundbundel). Similar appearances were presented 
throughout the region of decussation ; the remainder of the pyramid was 
seen as a mesial, roughly triangular, degenerated area; and the re- 
mainder of the sub-olivary tract as a thin band of small nerve-fibres 
lateral to the degenerated area. (Fig. 6. Pl. II.) The fibres of the 
sub-olivary tract decussated with those of the pyramid. The pyramid > 
in the region of decussation showed more small bundles of normal 
nerve-fibres than could be made out in the pyramid above the de- 
cussation. 

In the most anterior region however there were a few fibres only from 
the pyramid; in the most posterior region, a few only from the sub- 
olivary tract.. The decussation appears then to be somewhat different. 
in the dog and in man. In man according to Flechsig, the decus- 
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sation of the sub-olivary tract takes place anteriorly to that of the 
- pyramidal tract, and forms what is called by Meynert the upper 
pyramidal decussation. 

According to Meynert the sub-olivary tract is in part a continuation 
of the dorsal fibres of the crusta (pedunculus substantie nigre, Bundel 
von Fuss zu Haube) which diverges from the crusta at the anterior edge ~ 
of the pons. As far as the dog is concerned this is not borne out by the 
- course of degeneration here described; we have seen that the dorsal 
bundles of the crusta—those in and next the substantia nigra—showed 
marked signs and degeneration; that the degeneration cannot be traced 
downwards in any tract dorsally of the anterior pyramid ; and that the 
sub-olivary tract consists of normal fibres. In the dog then the dorsal 
bundles of the crusta cannot run on bodily into the sub-olivary tract. 

Immediately below the decussation a roughly triangular area is seen 
(Fig. 7, Pl. II.) in the lateral pyramidal tract of the spinal cord; we 
have not followed the variations in form and position of this throughout | 
the decussation, but a little above the section figured here, the dorsal 
projection of the spot is smaller, It will be noticed in Fig. 7 that just 
above the dorsal projection there is a region of nearly normal nerve- 
fibres. In passing from this region to that of the second cervical nerve 
(Fig. 8, Pl. II.) the — area becomes more and more dorsally 
situated. 

The cerebellum and the superior cerebellar peduncle appeared to 
be perfectly normal, nor could any sclerosed tracts be seen running 
from the pyramid to the cerebellum; this taken together with the 
apparent diminution in the sioner of degenerated fibres in the 
pyramid in its passage through the pons, confirms Meynert’s view 
that the connection of the cortex of the cerebrum with the cerebellum 
by means of the crusta and pyramid is not direct, but indirect; the 
nerve-fibres ending in the nerve-cells of the pons. We may also 
remark that the difference in the degenerated area above and below 
the decussation indicates that a great number of the fibres of the 
pyramid end in the grey substance of the region of decussation. 


From the second cervical nerve downwards we had both sides of the _ 


spinal cord and could compare the extent of the sclerosis on the two 
sides (cp. Figs 8—11, Pl. II.). 

Before describing the areas of degeneration in the spinal cord we 
must say one word about the signs of its presence. Whilst the first 
five or six weeks of degeneration are marked by the gradual disappear- 
ance of the fatty constituents of the medulla, and the swelling up of the 


1 
‘ 
oa 
A 
<5 
¥ 
4 
a 
4 
aaa 
% 
& 
4 
i 
¥ 
“4g 
x 
- 
~ 


58 | J. N. LANGLEY AND C. S. SHERRINGTON. 


axis cylinders of the nerves;.in the later stages the medulla and axis 
cylinders entirely disappear, and after a time the only sign of degenera- 
tion is the slightly increased amount of connective tissue structures 
between the remaining normal nerve-fibres; according to Singer this — 
hypertrophy of the connective tissue also in time disappears, so that in 
two to six montlis, no sign of degeneration is visible. As far as the 
present case allow us to form a conclusion, we think that Singer has 
allowed too little time for the complete disappearance of indications of 
degeneration, moreover Frangois-Franck and Pitres found degenera- 
tion ten months after the cortical lesion. But there is a cause, apart 
_from«the gradual return to normal of the amount of the neuroglia, 
which makes it less and less easy to make out that degeneration has 
taken place. This cause is the gradual alteration of the staining 
power of the neuroglia. In sclerosis there is a very considerable 
multiplication of the fine semi-elastic fibres which form part of the 
neuroglia of the normal cord. These fibres run in all directions in the 
sclerosed area though for the most part longitudinally; they rarely if 
ever anastomose. We give a figure of these fibres (Fig. 12, Pl. IL), 
as they appear in a small fragment of the sclerosed area when teased 
out. For a certain time after their formation they stain deeply with 
carmine and this is the chief factor in producing the red patch in 
carmine stained sections of the cord. As time goes on, however, these 
fibres stain less with carmine, and the red patch becomes less and less 
obvious ; so that at length the depth of staining does not serve as a satis- 
factory indication of the presence of sclerosis. But between the nerve- 
fibres there still is more neuroglia than normal, and from this sclerosis 
may be inferred. To do this, however, a very accurate knowledge of the 
amount of neuroglia which may normally be present in the cord, is 
required, for, as we know, the neuroglia is present in considerable 
amount in certain parts. | 

As we have said, one of the objects we had in view in making these ~ 
observations was to determine if possible, whether each portion of the 
cortex removed caused a degeneration of a particular portion of the 
lateral pyramidal tract of the spinal cord. 

Prof. Goltz has kindly sent us the dates at which the five opera- 
tions on this dog were performed. The portions of the cortex removed 
at each operation we describe with reference to the figures given of the 
lesion in the Journ. of Physiol. Vol. tv. p. 292, 311. They were, on the 
15th November 1880 on the right side, posteriorly, rather more than a 
third of the lesion, the anterior limit being about the anterior end of 
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the ecto-sylvian fissure; on the 24th January 1881, anteriorly on the 
left side rather more than a third of the lesion, the posterior limit 
being about the anterior end of the ecto-sylvian fissure; on the 9th 
March 1881, on the right side, immediately in front of the place of 
previous removal, rather less than a third ef the lesion, the anterior 
limit being a little in front of the lateral fissure; on the 12th April 
1881, on the left side, posteriorly, the remainder of the lesion ; lastly on 
the 25th May 1881, on the right side, anteriorly, the remainder of the 
lesion. The animal was killed on the 8th August 1881. Thus, then, 
at the time of the death of the animal, on the right side of the brain, 


the posterior part of the cortex had been removed nearly nine months, = 


the part anterior to this including a small part of the sigmoid gyrus 
had been removed for five months; the sigmoid gyrus and part of 
the neighbouring lateral convolutions for two and a half months. 
Supposing, then, that the posterior part of the cortex as well as the 
sigmoid gyrus be connected with the lateral pyramidal tract, we should 
expect to find on the left side of the spinal cord, that that degenera- 


tion only which was due to the removal of the sigmoid gyrus would be 


distinct. 


On the left side of the brain, part of the posterior limb of the 
sigmoid gyrus and a considerable region of the cortex posterior to this 
had been removed for six and a half months; and the posterior part of 
the cortex had been removed for nearly four months. On the nght 
side of the spinal cord then the degeneration arising from removal 
of part of the sigmoid gyrus and of the region immediately posterior to 
it should be less distinct than that arising from removal of the posterior 
part of the cortex, supposing any to have occurred. 

The spot of greatest degeneration in the cord is a small oval area in 
the left lateral pyramidal tract which though diminishing im size from 
the cervical to the lumbar region has much the same form and position 
throughout ; we have said that the sigmoid gyrus region was the last 
part of the cortex which was removed and that. this was on the right 
side; we may then fairly connect this area on the left side of the cord 
with removal of the right sigmoid gyrus and of the neighbouring 
region. 

Next to this region in distinctness of degeneration, was a spot on 
the right side of the cord, the spot was roughly speaking oval but its 
axis was placed less obliquely and it was situated nearer the dorsal 
surface than the spot on the left side of the cord (cp. Fig. 10, Pl. IL). 
It seems probable that the degeneration in this spot was produced by 
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the last lesion but one of the cortex, viz. by the removal of the posterior 
part of cortex on the left side of the brain. It is, perhaps, some 
confirmation of this that the corresponding region on the right side of 
the cord showed very faint signs of degeneration and in places, as for 
instance in the lower cervical region, stained hardly deeper than 
the surrounding normal tissue, the posterior portion of the right cortex 
having been nemipved nearly nine months before the death of the 
animal. 

It is also somewhat in favour of this view that the degenerated area 
described by Lowenthal] as resulting from removal in the dog of the 
sigmoid gyrus and immediately adjoining region, corresponds in position 


aliniost-exactly with-that of greatest found here, on the 


left side of the cord. 

It will be noted that the ‘ posterior part of the cortex’ as used above 
means that portion removed by Prof. Goltz in his first operation on the 
dog; it includes the greater part of the four, external convolutions 
posterior to a frontal section passing about a centimetre behind the 
sigmoid gyrus. Since there is reason to believe that the hinder part of 
this region the so-called occipital region, is not in trophic connection 
with the lateral pyramidal tract, the facts noted above would mean that 
the cortex for some little distance behind the sigmoid gyrus is connected — 
with the lateral pyramidal tract, and more especially with its dorsal 
portion. But whilst this hypothesis fits the facts fairly well, we do not 
put it forward as anything more than an hypothesis; it may be that the 
differences seen here on the two sides of the cord are due to a slightly 
different arrangement of the lateral pyramidal tracts on the two sides, 
or to an unequal retraction of the connective tissue of the sclerosed 
areas. 

The details as to the position of the sclerosis on each side will be ~ 
best seen by referring to the figures (Figs. 8—11, Pl. IL.) ; the relative 
amounts of degeneration im different parts in any one section are 
indicated by the depth of tint of the shading, but at the same time we 
would expressly remark that the whole area is traversed by normal 
nerve-fibres of various sizes. 

We have not been able to observe distinct signs of sclerosis lower 
than the origin of the second lumbar nerve and these only on the left 
side ; the area of degeneration was not certainly visible on the right 
side lower than the origin of the Ist lumbar. This is in general 
accordance with the observations of Vulpian, Singer and Lowenthal. 
Francois-Franck and Pitres alone, say that the degenerated area 
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can be seen throughout the cord, but their observations seem to have 
been of an extremely cursory nature. Although we cannot be certain 
of sclerosis lower than the 2nd lumbar nerve, there seems to be more 
neuroglia than normal in part of the lateral pyramidal tract throughout 
the lumbar region. But since the amount of neuroglia in this region is 
normally considerable, it is very difficult to detect a slight increase such 
as would be occasioned by the disappearance of scattered nerve-fibres. 
And scattered nerve-fibres only were found by Schiefferdecker and 
Singer after section of the spinal cord in the lumbar region. On the 
other hand it must be mentioned, that Lowenthal describes after 
section of the cord in the cervical region a fairly compact area of sclerosis 
in the lateral column of the lumbar region. 

It will be noticed in Fig. 9, Pl. IL, of the cervical region, that the 
area of sclerosis has roughly the for, of an inverted, obliquely placed 
comma, the tail of this is the part of lateral pyramidal tract which 
is immediately in contact with the lateral cerebellar tract ; in the dorsal 
and lumbar regions also (cp. Figs, 10, 11, PL IL.), a corresponding strip of 
slight sclerosis is seen, here it apparently closes round the ventral end 
of the cerebellar tract and so comes to the surface of the cord. It is 
difficult to be certain of this however since just at this point there is 
normally a good deal of neuroglia. | | 

_ We may remark that in the lower dorsal and upper lumbar regions the 
lateral cerebellar tract is fairly well marked off from the lateral pyramidal 
tract by containing large nerve fibres and a small amount only of neuroglia. 
Below the 1st lumbar nerve the cerebellar tract of large nerve-fibres, whilst 
becoming somewhat thinner throughout, diminishes chiefly at its ventral ex- 
tremity. At or a little below the 2nd lumbar nerve, small fibres and neuroglia 
from the lateral pyramidal tract break into it at about its ventral third ; till 
in the lumbar swelling the tract of large fibres is confined to the most dorsal 
part of the lateral column, next the point of exit of the posterior nerves, 


We do not attach much importance to the precise form of the degene- 
- rated area, since its exact limits are extremely difficult to determine and 
according to Schiefferdecker’, the neuroglia is affected beyond the 
actual region of nerve degeneration. In sections of the cord stained 
with osmie acid, the parts where degeneration is slight, are with 
difficulty or not at all to be made out. We have seen that on the left side 
of the cord, the region of greatest degeneration is probably that caused 
by the destruction of the sigmoid gyrus and surrounding region. Sections 


1 Schiefferdecker, Virchow’s Archiv, Bd. 67, p. 542, 1876. 
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of this side of the cord after treatment with osmic acid show in the 
upper cervical region a roughly triangular degenerated area, and in 
the lower cervical to the lumbar region a roughly oval area. Of the 
descriptions previously given of the result of destruction of the sigmoid 
gyrus (cp. above p. 51) this agrees most with that of Singer. 


_ Hitherto we have spoken of the sclerosed tracts only, but there are 
in the spinal cord certain nerve-fibres which are apparently in the 
earlier stages of secondary degeneration ; in some fibres the medulla 


ag ry slightly altered, but the axis cylinder stains with carmine and 
aniline. blue «mtth more deeply than normally ; in others the axis, 


irregularly swollen and slightly stained with carmine can be seen inside 
a swollen, also slightly stained, medulla; in the majority, there is no 
distinction to be made out between the axis cylinder and the medulla, 
the place of these being taken by a mass which stains slightly with 
osmic acid, carmine and aniline blue, and which has irregular swellings 
at short intervals; finally in some cases the fibres are completely broken 
up into rows of slightly stained masses, 

Since a degeneration of this kind occurring so long after the removal 
of the cortex has not so far as we know been described, we have looked 
upon it with much suspicion, but its local occurrence and the absence of 
similar appearances in the spinal cord of other dogs treated in the same 
way, are very much against its being artificially produced by the reagents 
made use of. Dr Byrom Bramwell has been kind enough to examine 
some specimens for us and confirms our opinion that the fibres are 
really degenerated’. 

The swollen fibres are present throughout the whole of the spinal 
cord, in the anterior and antero-lateral columns, being much more 
numerous in the median portion of anterior columns than elsewhere. 
They vary somewhat in position in the different parts of the cord, in 
the upper cervical region they are most numerous in the antero-median ° 
portion of the anterior column; in the lower cervical region the patch 
where they are most numerous passes to the postero-median portion -of 
the anterior column; in the dorsal and lumbar region they are most 
numerous around the bottom of the anterior fissure. We do not think 


1 He says: ‘‘I have no doubt that the appearances to which you refer are the result of 
disease, I should call the condition myelitis rather than any of the ordinary forms of 
descending degeneration. ...Some of the nerve-tubes appear to be filled with a substance 
which resembles miliary sclerosis, only that it stains with carmine.” _ 
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that these degenerated fibres have anything to do with a direct pyramidal 
_ tract; there is no reason to believe that this tract exists in the dog. 

In the posterior column a little below the decussation there are 
some similar fibres, elsewhere in the posterior column they are very rare. 


There appears to us to be some change also in the trapezium, in the fibres 
of the superior olive and in the lateral fillet. But since the normal histologi- 
cal characters of these structures are peculiar, we think it better to defer the 
consideration of possible degeneration in them until we have more closely 
examined their normal characters. In all the dogs which we have examined, 
there are between the dorsal fibres of the pons—the trapezium fibres—many 
nerve cells which stain very slightly with carmine and other agents, and in 
which the nuclei are only to be made out with difficulty; these cells are 
larger in the posterior than in the anterior part of the trapezium, they vary 
in form but are as a rule elongated in the direction of the trapezium fibres, 
between which they are arranged in rows. 


The degeneration of the fibres spoken of above, if it really is a 
degeneration, is clearly one of a peculiar kind. We may suppose that 
the removal of the cortex has cut off a trophic influence from certain 
lower centres and the fibres connected with these centres have in 
consequence degenerated. We might call the change one of ‘tertiary’ 
degeneration, In many cases dogs from which a portion of the cortex 
has been removed, pass, after a period of apparent recovery, into a 
convulsive condition, it seems possible that these late convulsions may 
be due to the ‘ tertiary’ degeneration. 


We give a brief statement of the chief points of the preceding 
account, 

In the crusta just above the pons, the lateral and central portions 
were partially degenerated, the mesial and meso-ventral portion were 
normal or nearly normal, | 

Probably the mesial, central and lateral portions of the crusta are 
connected respectively with the sub-orbital lobe, the sigmoid gyrus and 
adjoining region, and some part of the cortex posterior to the sigmoid 

8. 
The whole of the right anterior pyramid was markedly sclerosed, the 
mesial portion being least, the ventral portion most sclerosed, 

The sub-olivary tract was normal; it cannot then be in direct 
continuation with the dorsal part of the crusta; in the decussation its 
fibres become placed lateral to the pyramid fibres; the two sets cross 
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over together throughout, or nearly throughout the whole region of the 


decussation. 

The transverse area of the sclerosed region dienintali considerably 
in passing through the pons, and in the decussation of the pyramids. 

The sclerosis can be traced in the lateral pyramidal tract on each 
side of the cord as far as the upper part of the lumbar regions ; through- 
out the sclerosed area are many normal nerve-fibres; for the form of the 
area in different parts of the cord, cp. the Figs. Pl. II. 

The patch of greatest sclerosis is on the left side of the cord, and is 
_ placed more ventrally than the patch of greatest sclerosis on the right 
side. Not improbably the dorsal part of the lateral pyramidal tract is 
connected with the cortex posterior to the sigmoid gyrus. 

In addition to the secondary degeneration of the sclerosed area, 
there is apparently a ‘tertiary’ degeneration of some fibres of the 
anterior and antero-lateral columns, especially those of the median 
of the anterior columns. 


DESCRIPTION OF FIGURES. 


I. anp IL. 


Figs. 1 to 11 are transverse sections of the medulla oblongata and spinal 
cord. The sclerosed area in each section is shaded. In Fig. 1. the grey 
substance of the section is also shaded. The chief features of the section in 
Pl. I. are drawn, in order to show the region of the medulla oblongata from 
which they are taken. 

Fig. 1. Through the pons showing the sclerosed bundles of the crusta 
enclosed by the ventral fibres of the middle cerebellar peduncle, The 
posterior longitudinal bundle is only in part filled in. 

Fig. 2. Through the trapezium. 

. Through the medulla oblongata, a little below the trapezium, 
. Through the inferior olive, 
Through the upper part of decussation of the pyramid. 
Through the decussation of the pyramid, a little below Fig. 5. 
Through the spinal cord, immediately below the decussation. 
Spinal cord, about 2nd cervical nerve root. 
Between 5th and 6th cervical nerve roots. 

Fig, 10, Between 6th and 7th dorsal nerve roots. 

Fig. 11. Between 12th dorsal and Ist lumbar nerve roots. 

Fig. 12. Semi-elastic fibres of sclerosed area, from the cervical region 
(Zeiss oc. 2, obj. F). 
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INDEX OF SYMBOLS, 


a.c. Anterior column. 
a. f. Arcuate fibres (external). 
cr. Crusta. 


m VIII, External nucleus, nerve. 


fc. Funiculus cuneatus. 
J g. Funiculus gracilis, 
J. Funiculus of Rolando. 


g. lf. Grey substance of the lateral fillet. 
9: P. Grey substance of middle peduncle - the condballnm, 


«. f. Inferior olive. 
Lf. Lateral fillet (beginning in Fig. 3). 


m. p. ¢. Middle peduncle of the cerebellum. 


n. 1. f. Nucleus of the lateral fillet. 
nm. VI. Nucleus of sixth nerve. 

p. 4.6. Posterior longitudinal bundle. 
py. Anterior pyramid. 

r. a. Reticular area. 

6. Restiform body. 

sb. n. Substantia nigra. 

8,0. Superior olive, 

8. 0. tr. Sub-olivary tract. 

8 p.¢. Superior peduncle cerebellum. 
teg. Tegmentum. 

tr. Trapezium. 

m.f. Median fillet. 

vm a Velum medullaris anterior. 
V. Fifth nerve. 

_V.a. Ascending root fifth nerve. 
Vid. Descending root fifth nerve. 
VI. Sixth nerve. 

VII. Seventh nerve. 

VII. k. Knee of seventh nerve. 

VIII. Eighth nerve. 
X. Tenth nerve. 

XIT, Twelfth nerve. 
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ON THE CIRCULATION OF THE BLOOD-CORPUSCLES 
CONSIDERED FROM A PHYSICAL BASIS. By D. J. 
HAMILTON, M.B,, F.RS.E,, Professor of Pathological Anatomy, 
(Sir Erasmus Wilson, Chair), University of Aberdeen. Pi. III. 


it is a fact which has been familiar to every one from 
the time when the microscope was employed for the study of the blood- 
circulation when the rapidity and nature of the movement of the coloured 
_blood-corpuscles differ materially from that of the colourless, yet, so far 
as I am aware, there has not been given a completely satisfactory ex- 
planation of the cause of these differences founded upon experimental 
data, My object in the first part of this paper is to examine in how far 
these and other phenomena connected with the circulation of the blood- 
corpuscles are subservient to the laws regulating the passage of bodies 
suspended in a liquid through a tube, and secondly to demonstrate how 
any interference with the natural positions of the respective corpuscles 
in the circulating current will bring about pathological conditions of the 
gravest import. The apparently trivial fact of the difference in the 
positions occupied by the two kinds of blood-corpuscle has more import- 
ance than might be attached to it on superficial consideration, for, as T 
shall hope to show in the sequel, if the coloured corpuscles did not 
occupy the centre of the stream the circulation of the blood with the — 
existing apparatus would become a physical impossibility. 

The phenomena seen in the circulation of the teil cetncles in ina 
transparent membrane to which I wish chiefly to draw ateention at 
present are :— 

J. There are two streams in the arteries and veins; the one axial 
and the more rapid, the other peripheral and the slower of the two. | 

2. These streams are bettergeen in the arteries than in the-veins. 

3. ‘Fhe coloured corpuscles float exclusively in the axial stream, 
while a great many, not all, of the leucocytes run in the peripheral. 

4. The number of leucocytes in the peripheral stream is greater in 
the veins than in the arteries. 

5. The motion of the coloured and colourless corpuscles differs, for 
while the former glide the latter have a rotating motion. 

6. In the veins the colourless have a tendency to stagnate when 
they get into the peripheral stream, the coloured have not. 

7. The capillaries have not any visible axial stream, and in those 
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which admit a single corpuscle only, there is a tendency for the leuco- 
cytes more especially, but also for the coloured corpuscles, to stagnate. 
These phenomena, however, have all been observed by examining 
the transparent parts of animals while they are in the horizontal position, 
the microscope being employed for looking at them from above down- 
wards only. By this method of examination it is impossible to say 
whether the colourless corpuscles float in the peripheral layer all round 
the vessel, or only on the upper half of its circumference. It is also not 
easy to say from this mode of observation whether the coloured cor- 
puscles float exclusively in an axial core, or whether some of them do 
not run along the lower border’ of the vessel. In order to look at the 
upper as well as the lower border of each vessel: it is necessary to incline — 
the microscope horizontally, and then to place the transparent part of 
the animal at right angles to it. In this way a clear view is’ obtained 
of all the strata of blood and it canbe seen exactly where each kind of 
corpuscle runs, The frog’s web is perhaps best suited for the purpose. 
If a large capillary vessel or small vein be selected for examination, 
it will be noticed that the coloured corpuscles float almost exclusively i in 
the axial stream. It is a rare occurrence to find any of them in the 
upper or lower strata of the vessel. The most remarkable point in 
regard to this method of examination is as regards the position of the 
colourless corpuscles. If a small vessel passing horizontally across the 
field be selected for examination, and if it run for a considerable distance 
without branching, it will be found that by far the greater proportion of 
leucocytes float on the upper surface, only a very small number on the 
lower. In the following table is recorded a series of observations made 
in regard to this point on different vessels of the-ftog’s web. In all cases 
it will be seen that the proportional number of leucocytes found on what, 
in the position of the web, is the upper surface of the vessel, far out- 
balances that found on the lower. The observations were conducted on 
different vessels, some of them were almost straight, some had the con- 
vexity upwards, others downwards. | 


2 upper Surface Do. on lower 
Vessel No. 1. Convexity upwards 30 1 
Straight 37 7 
» No. 3. Concavity upwards 57 10 
No, 4. 8 0 
» No. 5. Convexity,, 15 | 3 
» No.6. Very short straight vessel 16 3 
» No.7, Convexity upwards 21 2 
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- Indeed it seems only accidentally that a colourless corpuscle gets on 
to the lower surface of the blood-stream, and, if carefully examined, this 
will be found to be brought about in the following way. In looking at 
the web microscopically, of course, the positions are all reversed, the 
upper surface being the lower and so forth. In the scheme (PI. IIL. Fig. 1) 
I give, I have represented the parts as they are actually seen, so that it 
will be understood that the surfaces are reversed. Let C,, C,, C,, C, re- 
present four large capillary stems and let J, represent a ateonyta pening 
along the upper surface of capillary C,. It continues to run towards C, 
in the direction of 1, l,, l,, l,, 1, but when it enters C, it is now on the 
lower surface of the vessel, and the axial core of coloured corpuscles 
prevents it gaining the upper surface for some time. They are in such 
mass that the comparatively small leucocyte takes some time to pass 
through them. Hence it runs for a certain distance on the lower border 
of the vessel. If it be watched for a sufficient time it can be seen 
ultimately to penetrate into the axial core of coloured corpuscles, and 
afterwards to emerge on the upper surface of the vessel. Thus although 
the leucocyte may temporarily run along the bottom of the vessel it 
always, in the course of time, tends to gain the upper surface; so that if 
the number of leucocytes be counted on the upper and under surfaces of 
the vessel it will be found, as the above table shows, that by far the 
greater number pass in a given time along the upper surface. 

When a capillary having a lumen sufficient to admit only one 
corpuscle at a time was observed, it was found that the leucocyte was 
pressed against the upper surface, and rolled along, while the coloured 
blood-corpuscle glided with much greater ease, and did not seem even 
here actually to touch the wall. 

. That the ordinary phenomena noticeable in the circulation of the 
corpuscles are not due to any so-called vital action, but -are purely 
physical in their effects, is proved by Schklarewsky’s' experiments on 
the passage of blood through a capillary glass tube. The same features. 
are observed here as in the natural circulation. I have repeated 
Schklarewsky’s experiments, and am satisfied that the phenomena 
seen in the passage of blood-corpuscles through the capillary tube are 
essentially the same as those noticed in their circulation through the 
natural blood-channels, Seeing therefore that the wall of the vessel, 
the heart, vasomotor nerves, and other parts of the. circulating apparatus 
are unnecessary for the production of the phenomena just enumerated, 
it follows that the explanation of these phenomena is to ” ee in 
1 Pfliiger’s Archiv, 1. 1868. 
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the study of those forces which influence bodies suspended in a liquid 
in circulating through a tube. 

A capillary tube from its small size, and his the fact that only one 
- side can be observed at once, is inconvenient for studying the conditions 
under which bodies float in different parts of the stream. My experi- 
ments have shown me that the laws which influence the passage of solid 
bodies suspended in a liquid through capillary tubes are the same as those 
which guide them in their transit through tubes of larger size, provided 
that the proportional dimensions between tube and bodies circulated be 
‘maintained. It is therefore evident that if we employ a tube and 
circulating bodies of large size in addition to capillary tubes we can 
make experiments with a nearer approach to accuracy, than if we 
employ capillary tubes alone with circulating bodies correspondingly 
small. By subsequent comparison of the two, I hope to ‘Prove that the 
same conditions hold good for both. ; 

The apparatus I have devised for these experiments has the following 
construction :—A A A (Pl. IIL Fig. 2) is a glass tube 6 ft. long and 
having a bore of lin. At one end it is attached to an India-rubber 
tube C, which communicates with a water-cistern by the stop-cock D. 
The water entering at C follows through the tube into a tank F which 
has an escape pipe G. At a distance of 5 ft. 5 in. from the distal end a 
second tube (B) is cemented on at right angles, and through this bodies 
can be introduced into the circulating stream. 

The whole apparatus is supported upon two uprights E, E. 7 

In order to keep the tube full or nearly so when the water is 
circulating, it is elevated about # in. at the distal extremity. The 
cistern is most convenient when placed at a height of about six feet. 
When about to be used, the circulation of the liquid is first allowed to 
become thoroughly stable ; all air must be driven out; and the strength 
and pressure of the stream may be recorded by an index at the distal end 
of the tube (Fig. 2, t,2,%). In this way, with the same elevation of 
the end of the tube, we can easily ensure the same strength and velocity 
of the current. | 

My first series of experiments consists in the introduction of solid 
bodies of various weights, sizes, shape, and specific gravity. For a long 
time, I employed bodies made of gelatine and variously coloured so that 
they might be easily distinguished. After having a little experience of 
these, however, I found that the results obtained from their use were 
not trustworthy owing to their being capable of absorbing water. 
There is also another inconvenience connected with them, namely, that 
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they get soft when kept for any time, and are hence rendered unservice- 
able, These deficiencies can all be got over by substituting bodies made 
of white wax instead of gelatine. This can be mixed with various 
pigments in powder so as practically to render them of any required 
specific gravity,and at the same-time to give each a distinctive colour. I 
have found Brunswick green and vermilion very useful for mixing, but any 
other heavy pigments may be employed in the same way, The wax should 
first be melted, the pigment being subsequently mixed with it while warm. — 
If the bodies, after being made, are a little specifically lighter than what 
is required, this may be corrected by rubbing into them, in the palm of 
the hand, a little of the pigment. The warmth of the hand is sufficient 
to cause the pigment to adhere to the wax. It need hardly be added 
that before taking the specific weight the wax should be allowed to cool. 
In order to make spheres of this coloured bees’ wax, a bullet mould 
should be employed, and for the purpose of manufacturing discs the wax 
should be poured out when melted in a layer of uniform thickness, and 
discs of various sizes may then be punched out of it with cork-cutters, 
Bees’ wax being such a plastic substance bodies of any other shape may | 
easily be devised. 

Cause of the peripheral and axial streams. There cannot of course 
be any doubt as to the cause of these. Water in moving ina canal 
proceeds in strata, the one stratum being pushed over the other. The 
stratum which is furthest away from the sides and bottom of the canal 
- moves quickest. A tube is a double canal and the central strata are 
subject to least friction, being furthest away from the sides. The strata 
in the axis therefore move quicker than those at the side. It is the 
friction between the side of the tube and the moving liquid which 
detracts from the velocity of the peripheral layers. 

It is of importance to remember that the slower the stream passing 
through the tube the greater is the absolute stagnation in the peripheral 
area, and the nearer to the centre are those strata which are moving 
with a given velocity and which may be defined as “slow.” The more 
rapid the stream (though the relative slowness of the peripheral strata is 
the same) the greater is the absolute velocity of the peripheral strata and 
the nearer the wall of the tube is that stratum which moves at a given 
“slow” speed. 

The coloured corpuscles float exclusively in the axial stream while a 
great many, not all, of the leucocytes run in the peripheral. The cause of 
this separation of the two kinds of en has been the oe 
of much speculation. 
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Thus it has been said that the colourless corpuscles are viscid, and — 
that they tend to adhere to the side of the vessel. It has also been 
advanced that they differ in size and that it is this which causes the 
separation. Donders’ explains it on the following basis:—The rapidity 
of the current increases towards the axis of the vessel; the spherical 
colourless corpuscle is applied with one side to this swift stream, the 

other being in the slower strata more towards the periphery. The 
corpuscle on this account does not make a continuous onward progress, 
but is revolved upon its axis, from which it is evident that it must be 
pressed out towards the periphery. The discoidal character of the 
coloured corpuscles, however, brings them always with their long diameter 
parallel to the axis of the vessel and hence they tend to be driven 
onwards in a given stratum without rotating. This explanation is also 
accepted by Cohnheim, but that it is totally false the simplest experi- 
ment can demonstrate. 

Foster’ states the following: —“The corpuscles pass where the friction 
is least, in the axis. A quite similar axial core is seen when any fine 
particles are driven in a stream of fluid through a narrow tube. The 
phenomena cease with the flow of the fluid.) Many of the white cor- 
puscles are frequently seen in the inert layer. This is said to be due to 
their being specifically lighter than the red corpuscles, When fine 
particles of two kinds, one lighter than the other, are driven through a 
narrow tube the heavier particles flow in the axis and the lighter in the 
more peripheral portions of the stream. The white corpuscles, however, 
are distinctly more adhesive than the red, as is seen by the manner in 
which they become fixed to the glass slide and cover-slip when a drop 
of blood is mounted for microscopic examination: and by reason of 
this adhesiveness they may become temporarily attached to the walls of 
the vessel and consequently appear in the inert layer.” | 

Schklarewsky® writes :—* The blood is a fluid loaded with minute 
stable bodies. Mach and Bondy have long ago shown, that by the 
addition of minute, insoluble, pulverized substances to a fluid the specific 
_ weight of the latter is raised. I can say in the special case of the blood 
that if it has stood for some time, the under half which contains more 
blood-corpuscles than the upper, also affects the araecometer distinctly 
more than the other, and further that it is specifically denser. 

__ “Now if the lower strata of blood which is at rest are specifically 
denser through the accumulation of blood-corpuscles, so, also, in circu- 


1 Physiologie v. Theile, 2te Auflag. 8. 135. 2 Text-book of Physiology, p. 38. 
3 Zur Extravasation der weissen Blutkorperchen, loc, cit, p. 671. 
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lating blood, the axial stream where the blood-corpuscles press together 
and where only the condensed hydrospheres fill the intervening spaces 
will be specifically denser than the periphery. The specifically lighter 
white blood-corpuscles will on this account in the normal circulation be 
pressed out into the less dense layers at the periphery.” 

- From these references and quotations it is evident that there is 
considerable difference of opinion on the subject of the separation of the 


‘two kinds of corpuscle in the circulating blood, and before discussing 


them I shall lay before the reader the facts which I have derived from 
experiments conducted with the above-described apparatus. 

Tt will be understood that in the first set of experiments the stream, 
in strength and velocity, remained the same throughout, namely, with 
the before-mentioned elevation of the tube to #in., the water level stood 
at 64in. from the distal end. It will be expressly stated in what ex- 
periments the velocity of the stream was altered. 


Brunswiek-green, and vermilion, and so specifically heavy that they readily 


eank in water. 
Sphere a = th inch in diam, and weighs 90 grs. 
” b =$ ” 
o ” » 
d=} 2, 


They were dropped ‘tis and together 
without making any difference in their relative rapidity of motion. 
Sphere a (which was almost equal in diameter to the bore of the -_ 
went through with the above given stream in 11} secs. 
Sphere 6 went through in 12 secs. 
” 16 ,, 
d ” » 
further observed that they all had a rotating motion. 


I therefore conclude that in spherical bodies whuse ‘iste gravity is 
equal and considerably greater than water, the larger the body ts, provided it 
does not quite fill the tube, the less time is occupied in its transit, the smaller 
it is the longer tt takes. The smallest body in the above experiment went 
through with a difference of something like 54 seconds slower than the 
largest. This experiment also shows that so long as tlic spherical shape 
is retained the heavier body (actual weight) also circulates much quicker — 


_ than the lighter, for notwithstanding that the heaviest of the four balls 


weighed 90 grs. while the smallest weighed only 2 grs., yet the rate 
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of circulation in the case of the former was much greater than in that 
of the latter. Further, that they all rotate even when the body fits 
almost accurately into the tube. In the above case the largest sphere 
did not exactly fill the tube, there was the smallest perceptible space at 
the upper level. 

The explanation of these phenomena is very simple :—When a body, 
of any shape or size, is introduced into such a stream there are mainly 
two forces which come to act upon it. Suppose a (Fig. 3) represents 
one of the four balls which is introduced into the tube. Immediately 
after it enters the water it tends, on the one hand, to be carried forward 
py the moving strata of liquid, while it also tends to be carried down- 
wards by its specific gravity. And if we suppose these two forces to be 
represented respectively in magnitude and direction by the lines a b, a c 
(Pl. ITI. Fig. 3) then the position occupied by the body in the circulating 
stream will be found by completing the parallelogram, It would come to 
rest at ¢ in the direction be. But being intercepted by the tube, and the 
horizontal force being continuous, it will then move along its lowest 
border. The specific gravity in the above case was so much greater 
than the force represented by the stream that the body almost 
immediately ‘came to the bottom of the tube. | 3 

' Why is it, however, that the larger body should move thtough the 
tube with so much greater velocity? The reason is also apparent. The 
larger body gets more of the swift and powerful strata than the smaller 
which lies at the bottom of the tube. It is, therefore, impelled forwards 
with greater rapidity than the smaller which is kept running in the 
part of the tube where the strata of liquid move slowest. 

Thirdly, the spheres all had a rotatory motion. The cause of this 
is that the one side of the sphere, that which is nearest the axis of 
the tube, is subjected to the action of the swift strata, that which is 
further away lies in the slow strata and is pressed against the tube wall. 
The inevitable consequence is that the ball is rolled over and over on 
its axis. While the specific gravity of the body is markedly greater as 
a force than the onward current, the rolling of the — into the axis 
of the stream can never happen. 

Even the largest ball rotated, the reason being that it did not 
exactly fit the tube, the ball rested more against the lower border of the 
tube than the upper, and hence the friction on the lower side was greater 
than that on the upper. It will continue to rotate until the friction is 
equalized on all its sides. If one side, any side, of the sphere touches 
the tube it will rotate. If, on the contrary, as we shall afterwards see, 
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there is not any part of the circumference of the osidtiaad in contact ipa 


the tube, then rotation does not take place, 


‘Experiment No. 2 Three spheres, of equal size, of different specific 
gravity, and all much heavier than water. Stream as before. They were made 
of wax and vermilion, the latter added in different quantity to each. They 
all readily sank in water. They were all # in. diameter, and as each, 
practically speaking, possessed the same coefficient of friction, the only real 
difference between them was as regards their specific gravity. 

They were started in the tube at exactly the same time, and at first. were 
touching each other. The one of least specific gravity was placed in front, 
that of medium specific gravity came second, and that of highest specific 
gravity came last. By the time they reached the end of the tube the first 
was between five and six inches before the second and the second from two . 
to two and a half inches before the third. It should be mentioned that the 
difference between the specific gravities of the first and second was relatively 
greater than between that of the second and third. 


ExperIMENT No, 3. Spheres made of spermacetti of same size as in — 
Experiment No. 1. Stream as before. 


a= weighs 69 grs., throagl tubs in upper sineata tix 


b= ” ” 48 ” 12} 
” 4 ” ” 13 ,, 
d= ” 3 gr. ” ” 13} ” 


They all had ‘a rolling motion. ‘The only difference in this experiment as 
compared with No, 1 is that the spheres here occupied the upper, in No. 1 
they occupied the lower part of the stream. From this we learn that if a 


sphere is specifically lighter than the liquid in which it ts suspended it will 


sooner or later come to occupy the upper strata and will rotate. It will pass to 
the periphery just like the body of heavy specific gravity. It rotates for the 
same reason as that which causes the rotation of the body of heavy specific 
gravity. One side, the upper in this case, comes in contact with the tube, 
the opposite side is impinged upon by the swift filaments of liquid. The 
friction on the one hand and the vg ss of the swift filaments on the other 
cause the rotation. 


EXPERIMENT No, 4. Spermacetti sphere +4, inch diam. and sphere of cork 
covered with spermacettt and of equal size. Stream as before. 

Both had a rotatory motion. The spermacetti sphere occupied 13 secs, 
and the cork sphere 20 secs. in its passage along the tube. 
_ We see from this that the sphere of lighter specific gravity takes the 
longer time to circulate. We have previously found (Exp. No. 2) that 
in bodies heavier than the circulating liquid, the sphere of greatest specific 
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gravity occupies most time. We may, therefore, conclude that, other con- 
ditions being alike, the greater the divergence in either direction of the specific 
gravity of the suspended bodies from that daca liquid in which they are 
tmmersed the slower they curculate. 


EXPERIMENT No. 5. Spheres of specific gravity as nearly nesicealble ail 
to that of water. They were made of wax and Brunswick-green, and were of 


the same size as those employed in Experiments 1 and 3. 
mii inch diam., weighed 78 grs., passed through tube in 11} secs, 


b ” ” ” ” 1] ” 
c ” 5 ” ” 9} 
d=% ” ” 1 gr. 


They did not rotate, but had a smooth gliding motion. They all kept, as | 
far as their size would admit, the axial stream. Even the largest did not 
sufficiently impinge against the sides of the tube so as to cause any rotation ; 
there was a minute space between the tube wall and the surface of the sphere 
all round. The smallest balls occasionally touched the bottom of the tube 
shortly after starting, but were again almost immediately drawn into the 
axial current, and passed through the greater length of the tube within this. 
Out of a number of spheres of the same size, if there was one which approached 
nearer to the actual specific gravity of the water than the others, that sphere 
kept in the axial stream most steadily. 


The indications from this experiment are very important. It clearly 
_ shows that in order that a body may run in the axial current, it must 
be, as nearly as possible, of the same specific gravity as the liquid in 
which it is suspended. The nearer the suspended body approaches to the 
specific weight of the liquid in which tt is immersed, the more tt tends to 
occupy the centre of the stream. The cause of this is apparent when we 
construct a diagram as before. In all of the previous experiments 
there were practically two forces at work on the immersed sphere. The 
one, its specific gravity, tending to pull it downwards or upwards, as 
the case may be, the other, the current, tending to drive it onwards. 
As previously shown, the situation ultimately assumed by the im- 
mersed body corresponds to the resultant between the two. 

Let T T (PI. IIL. Fig. 4) be the tube and S the sphere immersed in the 
water circulating through it. It will be apparent that, according to the 
specific gravity of the sphere as compared with the water in which it is 
immersed, the course (corresponding to the diagonal of the two before- 
mentioned forces) which the sphere will pursue will be more or less 
oblique. If the horizontal force be not much greater than that repre- 
sented by the specific gravity then the diagonal would be represented 
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by line Sa or Sb. But if the disparity is much greater then the 
course which the sphere will pursue will be much more oblique as in 
SgorSh. 

It therefore follows that the nearer the specific gravity of the 
suspended body approaches to that of the liquid i in which it is held, the 
-more oblique will the diagonals become, that is to say, the directions 
followed by the various bodies will be such as those represented in 
Fig. 4 by S—a, b,c, d, e,f,g,h.. There comes a point at which the 
difference in the specific gravity between the liquid and suspended 
body being not very great, the diagonals, practically speaking, become 
horizontal, and if the body is of exactly the same specific gravity as the 
liquid in which it is suspended, there is of course no downward or 
upward force, but being bulk for bulk equal with the water, it is simply 
impelled onwards by the circulating current. Under such circumstances 
‘the suspended body always tends to get into the axial current; that is 
to say, the pressure is less at the centre of the current than at the 
periphery, and so the forces direct the water itself, and as a consequence ~ 
the spheres suspended in it whose specific gravity is equal to that of the 
water, towards the middle of the current. The water itself rolls into 
the centre. 

It has been mentioned that some of the spheres in this. experiment 
were accidentally a little heavier than water, and such, at certain 
intervals, got out of the axial stream. They appeared, however, to 
rebound the moment they touched the tube and to fall again into the 
central strata of the water. The same thing was noticed if they were 
slightly lighter than water. There is a certain small limit within 
which a body may be specifically lighter or heavier than the liquid in 
which it is suspended and still practically retain its axial position. 
_ With small differences in specific gravity the diagonal is so oblique as — 
to be almost imperceptible in its inclination from the horizontal. 

The above experiment, however, also demonstrates that if the specific 
gravity of several different sized spheres is equal with the liquid in which 
they are suspended, the larger the sphere the slower it circulates. In — 
Exps. 1 and 3 where the different sized spheres were of heavier or lighter 
specific gravity than water, exactly the reverse of this was found to be 
true. In these cases the larger the sphere the quicker it circulated. . 

The cause of this is explained in Fig. 5. Let Tin A B and C (PI. III. 
Fig. 5) represent sections of the tube. Then so long as the spheres do not _ 
fill the tube, A would represent. the position of those which are-heavier 
than water; B that of those which are lighter; and © that. of those 


7 
i 
¥ 
tay 
aa 
“¥ 
% 


te, 


CIRCULATION OF BLOOD-CORPUSCLES. 77 


which are of the same specific gravity. Now it is evident that both in 
A and B the larger the sphere up to a certain limit in which it nearly 
Jills the tube, the more relatively of the swift filaments will impinge upon 
it, seeing that it can only touch the tube at one point, and hence 
escapes the action of the. greater meena of the slow filaments lying 
close to the tube-wall. .. | 
In the case, however, of spheres of the same specific gravity as water, 
as before said, they float.in the centre of the stream. Fig. C would, 
therefore, represent the position of the different sized spheres, and it 
now becomes plain that the smaller the sphere the more of the swift. 
and the less of the slow filaments will i impinge upon it and hence the | 
faster it will circulate. | 
It is to be observed, however, that when a certain minimum of size 
is reached, where the body is of same specific gravity as the liquid, the 
rate of progress does not appreciably alter, showing that in a moderately 
‘rapid stream the central layers circulate practically with almost 
velocity. 
Experiments Nos. 1, 3 and 4, just quoted, show some » other interesting 
points as regards the relative rate of transmission of spheres heavier, 
lighter, and of the same specific gravity as the liquid in which acl are 
suspended. The results obtained are the following :— : 


| Spheres of heavier specific gravity than water. 
a = j inch diam. and weighs 90 grs., passes through in 114 secs. 


b= 4 ” ” 12 


Spheres of lighter specific gravity than water. _ 


c = 3 ” ” 4» » 13 
d=% 5, 134 ” 
| a = inch diam, 11} secs. 


Now it is from ‘this. comparison 
differences in size, in no case did the specifically heavy of light spheres 
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go through in Jess time than those which were of specifie’ gravity equal 
to the water. We may, therefore, conclude that a sphere whose specific 
gravity is the same as the suspending liquid will circulate faster than 
any body of different specific gravity. | 


Experiment No. 6. ‘Bodies of different shapes, but of the same absolute 
weight, and of like specific gravity with the liquid in which they are immersed. — 

For this experiment I take a disc and a sphere made of wax so mixed with 
vermilion as to be of equal specifie gravity with water. The sphere weighs 
5 grs. and is ;, in. diameter; the disc has the same specific gravity and 
diameter, the only difference between them is as regards their shape. 

They pass through the tube in exactly the same time, one sometimes 
getting in front of the other, at first, but, ultimately, settling down to a 
definite position in the axial current, and moving with exactly the same 
rapidity. The time oivayies is 9 to 10 secs. They both have a gliding 
motion. 


The conclusion from this is that a diso and a aphere of the same 


specific gravity as the liquid in which they are tmmersed, and differing 


rotate. 


' Experiment No. 7, Bodies of same specific gravity as the suspending 
liquid but differing in absolute weight. 

A cylinder 1} in. long and 3 in. broad made of same material as in 
foregoing and 35 grs. A disc in. broad cut from the 
end and weighing 3 grs. Both circulate in the same time and both have a 
gliding motion. Any other shape may be substituted provided it does not 
bring the one body in contact with more strata of liquid than the other and 
the same result will take place. 


From this we, therefore, learn that bodies of different absolute weights, 

late in an equal time, provided they are 80 constructed as to float in the 
same strata. 

The reason is, of course, that being of the same specifie gravity as the 
water they simply displace an equivalent bulk of it and move as part of 
the general stream, so that if, from their size and shape, they come in 
contact with the same strata. they will move at the mean rate of these 
strata. 


EXxpeRIMENT No. 8, Bodies of different shapes and absolute weight, and 
Take a cylinder 1 in, long and 3 in. broad and cut a dise from one end 
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2 in, thick. Both are made out of a mixture of wax and vermilion so 
as to be much heavier than water. With the stream which has been 
employed in the foregoing experiments the cylinder did not move, while the 
disc, if it got upon its edge, rotated rapidly through the tube, but if it lay flat 
in the tube it alsodid not move. With a stream, however, sufficiently strong to 
move both, it was found that the disc rotating upon its edge passed through 
in 5 secs., while the cylinder which from its size of course could not rotate 
took 10 secs. With bodies lighter than water the same point can be de- 
monstrated, 


The conclusion from this is that with bodies heavier or lighter than 
the liquid in which they are immersed, provided they are so constructed as 
to come in contact with the same strata, the greater the mass the slower 
the progress. 

An important point to remember, however, in this experiment, to 
avoid fallacy, is that the bodies must be of such an actual weight that 
their inertia will keep them steadily in the same part of the tube. 
Although a very thin disc for instance will, if it remain in its proper 
stratum, go through in the above manner, yet, if very light it tends to 
be displaced by rebounding against the tube more than a mass of greater — 
size and having greater inertia, A fallacious result I have found is very 
apt to enter into experiments if this is not attended to. | 


less specific gravity than the suspending liquid but of the same absolute weight. 


Take a disc made of wax and vermilion much heavier than water and a 
sphere of the same material both } in. diameter. Let the thickness of the 
disc be 3 inch. Pass them Bevask the tube with the stream as before, If 
the disc roll on its edge, which it has a great inclination to do, it will pass 
through the tube in the same time as the sphere, If, however, as sometimes 
happens, it lies horizontally in the tube it will go much slower than the sphere. 
Suppose, however, that a disc of half the thickness be employed, it will almost 
certainlygo slower than the sphere TG to the great difficulty it has in 
keeping on edge. 

_ So long as the disc is on edge it rolls like the sphere, as in Pl. IIL. Fig. 6, 
A, but if it falls down, as a thin disc has a great inclination to do, so as to lie 
horizontally (Fig. 6, B), then as may be perceived its circumference rests on 
the tube at two sides and it floats along in a single stratum without rotating, 
that stratum being near the bottom of the tube, and, consequently, very slow 
in its rate of progress. The same holds good for discs of lighter specific 
gravity than the suspending liquid, the only difference being of course that 
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spheres. 
~The conclusion from this is that a disc specifically heavier or lighter’ 


than the suspending liquid behaves like a sphere of the same absolute weight, 
the same material, and of the same diameter, aa eal a 


tube, provided it runs upon tts edge. 


THE PHENOMENA OF THE CIRCULATION IN THE ULTIMATE CAPILLARIES 


CONSIDERED IN THE en OF THE FOREGOING EXPERIMENTS. 


The ciroulation 3 in 1 the ‘ultimate capillaries, that. is to say in those 
which admit no more than a single row of blood-corpuscles, i is character-. 


ized by the following circumstances : 


(A) There is not of course any axial stream of coloured corpuscles. 
(B) The coloured corpuscles glide, the colourless roll, even in an. 
animal with round coloured corpuscles, and both go with ane: oe, 


rapidity. 
(C) The circulation within the vessels sometimes ceases by a 


colourless corpuscle blocking the tube even ia it may be smaller 


than the coloured. 
I shall endeavour to explain these suite in the above order, 


(A) Ina capillary tube there is an axial stream of liquid just as in 
a larger tube, but the corpuscles being too large to occupy this exclusive- 


ly, the axial core is of course not visible. The relationship, therefore, 


comes to be very much the same as in my apparatus when we employ 


bodies of such size as to correspond in relative dimensions to the cor- 


puscles in an ultimate capillary. 
(B) Experiment No. 10. Three apheres nearly filling the tube. Same 
stream as before. 
(a) Specifically heavier than water. Rotates, Time = 11} secs. 
(6) ” lighter Rotates. » =12 
(c) the sameas_ ,, Glides. » 


_ Experiment No. 11. A sphere and a disc both of same spevific gravity 


as water and both nearly the tube. pass the tube in 


secs, and both glide. 


Starting upon the assumption that the colourless voila are. 
specifically the lighter of the two, the coloured approaching nearer to 
the specific. gravity of the plasma, we haye, in the, above experiments, 
a — explanation of -the — and es motions. The spe- 
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cifically light corpuscle comes in contact with the vessel wall more than 
that which is of the same specific gravity as the plasma, and hence, as 
before explained, will roll.. The fact that the colourless roll in an 
ultimate capillary while the coloured glide is to me convincing proof. 
of their difference in specific gravity and of the nearer approach of the 
specific gravity of the coloured to the blood-plasma than that of the 
colourless. | | 

Another curious point as regards the ultimate capillary circulation is 
that there is no marked difference in the rapidity of motion of the two 
kinds of corpuscle. As will be seen from Experiments 10 and 11, this is 
fully borne out, for when we come to bodies of different specific gravity 
nearly filling a tube the difference in the rapidity of their motion 
becomes infinitely less than when they are smaller. From the above 
results it will be seen that it was only half a second in a distance of 
54 feet. The reason for this, in all likelihood, is that when the circulating 
body is so large as almost to fill the bore of the tube the amount of 
space between its circumference and the interior of the tube is so slight 
that no great amount of water can pass between them. Each ball 
therefore receives nearly the full force of the entire stream, so that it is 
impelled onwards quite irrespective of the comparatively slight resistance 
caused by their greater or less friction. 


(C) The cause of a colourless corpuscle blocking the tube un- 
doubtedly is that its light specific gravity tends to press it upwards 
against the wall of the vessel, to which it may become temporarily 
adherent. From this we may also learn a most important lesson, 
namely, that if the coloured corpuscles were not so balanced as to 
closely approach the specific gravity of the plasma, the circulation would 
become a physical impossibility ; for if they were specifically lighter or 
heavier than the plasma to a marked degree, there would be a constant 
tendency for them to obstruct the capillaries and to hinder the onward 
flow. The essence of the blood circulation is that the large majority of 
the corpuscles never touch the wall of the vessel, but glide in the central 
stream. Were the coloured corpuscles to rub against the wall of the 
vessel, the friction would be so enormous over the whole capillary system 
that the heart, as at present constituted, would be wholly inadequate to 
drive the blood onwards. Indeed my own impression is that if the blood 
corpuscles all differed materially from the specific gravity of the plasma 
the circulation could not be carried on even with a much more powerful 
heart. | 
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Some time since it was proposed by surgeons to transfuse milk 
instead of blood in cases of traumatic or idiopathic anaemia. In all 
cases, however, so far as I have examined into the subject, the symptoms 
which have followed the injection of milk into a vein have been of the 
most alarming character. Difficulty of breathing and lividity of the 
face constantly accompany this ‘procedure, when the quantity of milk 

transfused has been at all large. The transfusion of milk has accordingly 
- fallen into disrepute from the fact that it is accompanied by very 
dangerous symptons chiefly characteristic of impeded circulation through 
the lungs. 

Now most of the milk-globules from their light specific gravity 
would be sure to float into the peripheral layer on the surface of the 
blood-stream, and would pass through the pulmonary capillaries with 
the greatest difficulty. This I hold is the explanation of the dyspnoea. 
_ Another example of the same thing is seen in fat embolism from 
fracture of a bone, and in the lipaemia of diabetes where the blood contains 
a great quantity of a fatty emulsion. Under such circumstances impeded 
circulation results with, in the course of time, a total arrest of the blood- 
stream. 

Air embolism, where, for instance, air is aspirated into a vein in a 
surgical operation, proves fatal, I have little doubt, from a like cause. 
The air globules are much too light to circulate and they form embolic 
obstructions, 

The foregoing facts I think demonstrate the extreme adaptability 
of the blood for circulating purposes, and also show the great danger 


of allowing substances of wrong non gravity to enter the blood- 
vessels, 


EXPERIMENTS MADE ON THE CIRCULATION OF BODIES 
THROUGH CAPILLARY TUBES, 


| In all respects I have found, as before said, that the circulation of 

bodies through capillary tubes is regulated by the same laws as the 
circulation of larger bodies through correspondingly larger tubes, such 
as those employed in the foregoing experiments. In order to see the 
exact part of the capillary tube occupied by bodies circulating in it, it 
is necessary to place it at right angles to the microscope, standing 
horizontally. Looking at the tube from above, it is impossible to see 
the different layers of fluid and the bodies contained in them with 
exactitude. The capillary tube ought to be cemented to a slide with 


> 
A 
=. 
Ps 
44 
ay 
aa 
q 
& 
i mg 
> 
- 
ct. 
@ 
a 
x By 
2 
7 
3 
~ 
, 
i 


CIRCULATION OF BLOOD-CORPUSCLES. 83 


glycerine jelly and covered with a glass slip. It is attached at one 
end to an aspirating bottle, and, at the other, is placed in the liquid to 
be circulated. In all cases special care must be taken that the bodies 
suspended in the liquid are sufficiently small to enter the capillary tube. 
In order to insure this it is necessary to filter the fluid in all cases 
through muslin or some such coarsely porous substance. 


ExerermmMent No. 11. Circulation of blood through a capillary tube. 


The capillary tube apparatus having been all previously arranged, the 
head of a water newt or frog is cut off and a few drops of blood allowed to 
fall on a slide. This is immediately brought in contact with the end of the 
capillary tube and must be looked at microscopically very soon after reaching 
the part of the tube under the microscope, otherwise the coagulation which 
occurs will put a stop to its passage. When looked at in the horizontal 
position as before described there is seen to be a clear area on the upper 
surface of the tube’ in which exclusively the colourless corpuscles run. Not 
a single colourless corpuscle is to be seen on the lower surface of the tube. 
The coloured corpuscles occupy the axial stream as in the circulation through 
the blood-vessels. If, after coagulation has occurred, and after the transmis- 
sion of the blood has consequently ceased, the capillary tube be moved along 


under the microscope the colourless corpuscles will be still found on the 


upper surface. It should also be mentioned that the leucocytes here as in 
the vessels have a rolling motion, the coloured blood-corpuscles glide. — 


Expertment No, 12. Blood which has been defibrinated and whose specific 
gravity is 1040. 

This runs comparatively easily through a capillary tube. A clear stratum 
is observed in the upper third of the tube in which are occasionally seen 
colourless corpuscles and a few coloured. The colourless roll and the coloured 
also roll when they accidentally touch the tube on their edge. If not on edge, 
they merely turn over occasionally, exactly as a disc does in the large tube. 
The lower two-thirds of the tube, are filled with coloured corpuscles. They 
crowd towards the lower part of the tube but a considerable number of them 
being carried along with great rapidity in the axial stream have a gliding 
motion. When the circulation of this blood was stopped and the tube filled 
with it observed for a few minutes, the whole of the blood-corpuscles (I cannot 
state as to the colourless, as there were none in the field) settled down to the 
bottom of the tube leaving the serum above perfectly free. 


1 The positions are of course reversed. In all my remarks I refer to the actual upper 
surface, that is to say, the lower surface as seen microscopically. 
6—2 
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_ Experment No. 13. Blood whose specific gravity has been raised to 
between 1065 to 1070 by the addition of salt and egg albumen. 
Nearly the whole of the coloured blood-corpuscles run in the axial stream. 
The clear area on the upper surface of the tube is not nearly so well marked, 
and the coloured corpuscles do not tend to accumulate on the bottom of the 
tube. The colourless are seen to move in the clear area on the upper surface 
of the tube as before, and the separation of the two kinds of corpuscle is more 


marked, There is not the same tendency for the coloured corpuscles to settle 
at the bottom of the vessel when at rest. 


Expenmment No. 14. Blood whose specific gravity is raised still higher 
by the same means. 

The coloured corpuscles are entirely displaced from the lower level of the 
tube. There is not any well-defined clear area at the upper part of the tube 
and the axial stream is very well marked, a great many of the corpuscles 
being drawn into it. They do not settle at the bottom when at rest. : 


These experiments show that by altering the specific gravity of the 
blood plasma through a range of something like 1040 to 1080 we can 
make the coloured blood-corpuscles float at any level. The lower the 
specific gravity the more they tend to come in contact with the bottom of 
the tube, the higher the specific gravity the more they rise to the higher 
levels. The nearer we approach the natural specific gravity of the normal 
plasma, the more they occupy the axis and the quicker they move. 


Experiment No. 15. Circulation of Milk. 


Milk when passed through a capillary tube shows the following appear- 
ances :—The greater number of the particles float on the upper surface of the 
tube, but many of them run in the axis. The bottom of the tube is left per- 
fectly clear. Those particles at the periphery rotate like colourless blood- 
corpuscles and have a great tendency to be arrested in their progress. Those 
in the axis have a gliding motion. This was previously shown by Schkla- 
rewsky to be the appearance of circulating milk. He accounts for the 
separation of the particles into peripheral and axial strata by the difference 
in size of the particles. He says (Joc. cit.) ‘the larger particles play the part 
of red, the small the part of colourless corpuscles.” ‘This is certainly not 
correct, there being in reality usually more of the large particles at the 
periphery of the stream than at the centre, The separation into these two 
layers is exactly what I should expect from the difference in the specific 
gravity of the globules of milk. If milk is allowed to stand even for a short 
time, we know that the particles which are richest in oil rise to the surface in 
the form of cream. There are many other globules, however, which do not 
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rise to the surface even if the milk be allowed to stand for a lengthened 
period, They even do not sink to the bottom of the vessel, but remain 
suspended in the milk serum. The former are much lighter than the milk 
‘serum, the latter are apparently of exactly the same specific gravity. If these 
two kinds of milk globule are allowed to circulate through a tube what we 
should expect from the experiments formerly recorded would of course be 
that the light particles would come to the surface, those which are of equal 
specific gravity with the serum would float in the axis, This is what actually 
takes place. | 

There is another reason, however, why a large number seem to occupy 
the axis, namely, that the globules are so numerous in the peripheral layer 
that they push each other more and more towards the axis, those which are 
driven inwards in this way being whirled along in the swift axial strata for a 
certain distance, and hence making it appear as if there were a greater 
inclination towards the axis than there really is. If milk be diluted with 
serum of the same specific gravity as that of the milk, so that there is present 
in the mixture only a small number of milk-globules, then it is only occasion- 
ally that one of the peripheral globules gets into the axis, by far the greater 
number float on the upper surface of the tube. 


Experiment No. 16. Defibrinated blood and milk miaed in various 

In all cases the blood occupies the lower and the axial strata, the milk- 
globules the upper and the axial. The milk globules behave in all respects 
exactly like leucocytes, rolling along, becoming arrested, and when the stream 
is made slow accumulating in the upper part of the tube. When brought to 
rest, the milk rapidly accumulates in the upper, the blood-corpuscles more 
slowly in the lower part of the tube. The quicker the stream the less the 
milk globules tend to lag behind and to accumulate in the tube. 


Experiment No. 17. Cinnabar particles, 
In experimenting with substances of this kind it is essential of course, in 


order to avoid error, to see that they are perfectly pure. Pure cinnabar when _ 


circulated with water runs exclusively on the bottom of the tube. When 
mixed with half the quantity of milk the cinnabar still moves in the bottom 
of the tube, the milk in the upper levels. Both milk and cinnabar, therefore, 
circulate slowly and with some difficulty. The longer the tube, the more they 
tend to be arrested in it. The quicker the stream, the more rapidly they 
move; and if the stream be made very slow, the particles will not move, 
even although there may be a current in the centre, | 


These experiments with a capillary tube exactly bear out, as will be 
noticed, what my experiments with the larger tube previously demon- 
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strated, namely, that the situation occupied by bodies circulating in a 
tube depends upon the relationship between the specific gravity of the 
bodies to the liquid in which they are suspended. Further, that the ease 
with which any suspended bodies will circulate depends, their size being 
appropriate to that of the tube, upon this relationship. The more they 
diverge in specific gravity from that of the suspending liquid, the more 
friction is caused and the more tendency there is to their sagen 
retarded and finally arrested in their progress. 

I have not found, as Schklarewsky (loc. cit.) asserts, that mix- 
ing different bodies in various proportions alters their position in the 
tube. On the contrary, I state, after the most careful observation, that . 
the relative specific gravity of a body ultimately determines its position 
in the tube, whatever the other bodies may be with which it is mixed. 

From these experiments we further learn of what immense import- 
ance it must be to retain the specific gravity of the blood-plasma at a 
proper level. We have seen that a very slight decrease from the normal 
is sufficient to allow the coloured blood-corpuscles to accumulate and run 
along the bottom of the tube. Did the same thing happen during life, 
we can imagine what a very serious result would ensue, The friction 
caused by the passage of the blood through the small vessels would thus 
be enormously increased, and there would be a constant tendency to 
stagnation, The milk-stream circulates with great difficulty because its 
globules accumulate in the upper part of the tube. In the same way, if 
the plasma sinks below the normal specific gravity, the blood-corpuscles 
will circulate with great difficulty—the whole blood-stream will be 
retarded. 

It is a fact familiar to every physician that in extensive albuminuria 
there is a great tendency to inflammations of different kinds such as 
pleurisy, pneumonia, pericarditis, &c. Small haemorrhages are also 
common in different parts such as the retina, the pericardium, or serous 
coat of the intestine, There is also a tendency to hypertrophy of the 
left ventricle of the heart, and there is more or less general dropsy. 
May not many of these pathological phenomena be due to a wrong 
specific gravity of the plasma owing to the draining off in excessive 
quantity by the kidneys either of the water or the albumin? In Asiatic 
cholera, where the drain of water from the intestine is excessive, and 
where the cavities after death are peculiarly dry, the rapid collapse may 
be due to the same cause. The friction between the wall of the vessels 
and the corpuscles is too great to allow the heart to drive on the blood- 
stream. The subject is one which has received little attention, the 
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general opinion being that any sort of fine particles would circulate — 
exactly as the blood-corpuscles do. There could not be a greater 
mistake, for it is a certainty that unless the relationship between sus- 
pended bodies and suspending liquid were properly balanced, the circu- 
~ lation through the complex capillary network of different organs could 
never proceed in the exquisitely regular manner in which we know it 
does. The passive congestions, dropsies, inflammations and haemorrhages 
accompanying diseases affecting the composition of the blood, must be 
explained on some general cause. I believe that the above will be found 
in most cases to account for them. | 


THE APPLICATION OF THE ABOVE-DESCRIBED EXPERIMENTS TO THE 
EXPLANATION OF THE PHENOMENA SEEN IN THE CIRCULATION OF 
THE BLOOD-CoRPUSCLES. 


From the foregoing we get some sort of definite basis to come and 
go upon in the explanation of the separation of the two kinds of cor- 
 puscle in the normal circulation. If the coloured corpuscles are nearly 
or exactly equal to, and if the colourless are specifically lighter than the 
blood-plasma, then what takes place in their circulation would be exactly 
what we would expect—the coloured would run in the axial stream, wi 
colourless in the peripheral. 

Now, it has been frequently urged to me that we Have not any socal 
that the colourless corpuscles are specifically lighter, because it is said if 
blood is allowed to stand the colourless corpuscles do not gather in a 
layer on the top. Far from this disproving that the colourless. are not 
specifically lighter than the plasma, it is only what I should expect under 
the circumstances. If we consider that the colourless in relation to the 
coloured are in the proportion merely of 1 to 300 or 400, it is surely not 
to be wondered at that they will be held down by the preponderance of 
the latter and will thus not be able to rise to the surface. Were the 
blood composed of bodies all specifically lighter than the liquid in which 
they are suspended, or were there a preponderance of such bodies, then | 
the light particles would very soon come to the surface as in milk, but 
if the light be merely in the proportion of 1 to 300 or 400 of the heavy, 
and if the latter are of the same or slightly greater specific gravity than 
the plasma, then they will not rise to the surface but will be held down 
by the preponderance of the heavy. 

We can prove this experimentally by mixing small pieces of wax and 
Brunswick-green very slightly heavier than water with small pieces of 
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pure wax in the same proportion as the blood-corpuscles. Let these be 
suspended in a long narrow vessel with a quantity of water proportionate 
to that of the plasma of the blood. If the vessel is shaken so as to mix 
the two kinds of body together, and then brought to rest in the upright 
position, the pieces of pure wax do not necessarily come to the surface, 
but are held down by the specifically heavier and much more abundant 
pieces of wax loaded with Brunswick-green. How much more so will 


this be exemplified in blood placed in a vessel where there are millions 


upon millions of blood-corpuscles heaped together, nay, tending to run 
together into rows so as to entangle the leucocytes, and thus preventing 
the lighter specific gravity of the latter from asserting itself. Were the 
colourless corpuscles in greater number, then I should expect that they 
would rise to the surface in a distinct layer. 

In leucocythemic blood we have an opportunity of seeing that this is 
actually the case. I took from the heart of a woman who died from 
leucocythemia, as much fluid blood as could be gathered. Several clots 
were found in the heart chambers, but these were removed. The pro- 
portion of the white to the coloured during life had been as 1 to 20 or 
30. I placed the blood in a tall jar and allowed it to stand undisturbed. | 
In a quarter of an hour a distinct grey layer had formed on the surface, 
and in twenty-four hours this layer was about one-eighth inch thick. 
On removing some of it with a pipette and examining it microscopically 
it was found to be composed almost entirely of colourless corpuscles. 
The immediate upper surface was absolutely free from coloured corpuscles, 


_ further down in the layer an occasional coloured blood-corpuscle could 


be seen. The greater number of the coloured, however, were at a level 
below this dense layer of the colourless. At the bottom of the jar, the 


two were mixed in almost the same proportion that I had observed 


when the blood was removed from the heart. This shows, I think, 
conclusively that the layer of colourless corpuscles above described was 
entirely derived from the upper strata of blood, not from the lower. 
Those at the bottom of the vessel had too far to travel to reach the top; 
the superimposed strata of coloured corpuscles through which they had 
to pass were too dense to allow of their escape. However that may be, 
the fact can easily be demonstrated that in leucocythemic blood a 
stratum one-eighth inch thick forms on the surface entirely composed 
of colourless corpuscles. 

I mixed some of this leucocythemic blood with water so as to lower 
the specific gravity of the serum, and even here after the lapse of 
twenty-four hours its surface contained some colourless corpuscles. This 
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shows that the difference between the specific gravities of the plasma 
and colourless corpuscles must be very considerable, so great that the 
latter will almost float on water. 

If the coloured then have a tendency downwards and the colour- 
less a tendency upwards, as seems to be the case, it can be 
easily seen, looking at the matter in the light of the experiments 
recorded, how in the circulation of the blood there should be a certain 
tendency to separation. From the fact that the coloured move in the 
axial stream, I conclude that they approach much nearer to the specific 
gravity of the liquid in which they are immersed than the colourless, 
They may not be of exactly the same specific gravity, but the diver- 
gence must be very slight and be in a downward direction. 

I have, therefore, very little hesitation in saying that the only way by 
which the phenomenon of the separation of the blood-corpuscles in the 
circulating current can be brought about, is by the colourless being 
specifically lighter, and the coloured either of the same or of we slightly 
greater specific gravity than the blood-plasma. 

. If this explanation, however, be true it might be said that all the 
oolaigelens corpuscles should accumulate on the upper surface while the 
coloured should be all in the centre of the stream. Were the blood- 
vessels straight horizontal tubes this would undoubtedly be the case, but 
seeing that they twist in all directions and run at different levels, giving 
off branches and so forth, there will be a constant tendency to mixing of 
the two kinds of corpuscle, while it will be only at intervals that a 
separation of the white will occur. Those colourless corpuscles which are 
mixed with the coloured at the centre of the stream will not readily 
escape to the periphery. They will be carried along in the midst of the 
stream of coloured corpuscles running in the axis of the tube. It will 
only be when the colourless come near the surface of the mass of coloured 
corpuscles, or when the vessel and consequently the axial stream are 
very small, that they will tend to escape into the peripheral still layers. 

It might be said again, however, that the colourless corpuscles when 
they once escape from the axial stream should all be found at the 
highest limit of the tube. This also is not so necessary as at first sight 
appears, for, as seems very likely when the leucocyte has escaped into 
the still layer and come in contact with the wall of the tube, it will tend 
by its viscosity to adhere to any portion which it touches, Any part of 
the upper half of the circumference of the vessel might therefore lodge 
a colourless corpuscle, depending greatly upon the part of the axial 
stream from which it has escaped. 
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Thus if in Fig: 7 Pl. III. we suppose V to represent a vessel on 
transverse section and S the axial stream, it is evident that if a leucocyte 
escape from the axial stream at the point d it might easily find its 


_ way to either of the situations d,, d,, d,, and by its viscosity become 


adherent to the wall. This would be especially the case were the layers 


of liquid in the still area moving very slowly and were this area 


relatively small as in the veins. Hence I hold it is that we may 
encounter a colourless corpuscle in any of the situations represented by 
d,,d,,d,, &c. The viscosity, as I have demonstrated with my apparatus, 
over and over again, has not any power of determining the separation of 
the two kinds of corpuscle, but when the separation has taken place, it 
may hinder the progress of the leucocyte onwards and tend to make it 
adhere to the vessel-wall, 
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ON CERTAIN CONSTITUENTS OF THE EGGS OF 
THE COMMON FROG (Rana Temporaria). By R. NORRIS 
WOLFENDEN, BA. Cantab, F.CS., Lecturer on 
Physiology in the Charing Cross Hospital Medical School, 


I. The Outer Covering. 


THE character of the glairy envelope surrounding the black pigmented 
egg of the common frog has not, so far as I am aware, received attention. 
In a paper published by Giacosa in the Zeitschrift fur Phys. Chemie’, 
the r«.ailts of his investigations are recorded. Mine corroborate his, 
and though I have intended to push them further, the small supply of 
material at my disposal has not permitted of it for the present. It is 
always well to have as many sources of different chemical bodies as 
possible available. The mucins have hitherto been obtained either 
from saliva, glands, or snails, but in frog’s eggs we have a supply of 
mucin at hand, in a condition as nearly pure as possible. 

As is well known, the eggs deposited in ponds (cf. Rana Temporaria) 
are collected really into enormous masses, and one would almost wonder 
how a small animal like a frog could deposit a mass of eggs many times 
the size of its own body. The explanation, familiar enough, is that the 
covering of the eggs swell enormously by imbibition of water, and this 
needs no comment, The eggs while in the oviduct have a very small 
mucinous covering, but they are not long in water before they increase 
vastly in size. The supposed réle that this glairy envelope plays in 
fecundation need not detain us now. I was led to examine this glairy 
substance while I was trying to extract the black pigment from the egg 
proper. It is impossible to manipulate the egg until the covering has 
been removed, and this cannot be done in any way except dissolving it 
off in either lime or baryta water. The best solvent is concentrated 
lime water. Left in this, the mucinous envelope i is easily dissolved off 
and the eggs can be collected free from mucin. 


1 «¢Etudes sur la composition chimique de l’wuf et des enveloppes chez la — 
commune, I. Sur l'enveloppe muqueuse de l’ouf.” Par Giacosa. 


AS 
& 
y 
ad 
London 
e 
a 
x 
vet 


R. N. WOLFENDEN. 


The method is as follows : 

A mass of eggs is taken, placed in a tall vessel, and covered with 
two to three times their bulk of clear concentrated lime water. With 
agitation from time to time, the eggs are left for from 15—24 hours, 
until they have fallen loose and free from one another, and all with 
their envelopes dissolved off, which is easily seen. The solution of lime 
water and mucin is then decanted off and dropped into a vessel contain- 
ing a 10 p.c. solution of glacial acetic acid in distilled water. As each 
drop falls it is precipitated as a white or whitish-grey flake. It does 
not matter if the acetic acid is somewhat in excess of 10 p.c., but if 
very weak the mucin is not properly precipitated and only gives a 
cloudiness, When sufficient has been precipitated, it is removed from 
the acetic acid to a glass vessel in which it can be washed frequently 
with distilled water. It may be further extracted with ether and | 
alcohol (it is insoluble in the latter), washed and dried over a water 
bath. It dries to very small bulk, as a yellow-white powder. 

If the lime water into which the egg mass is placed is too small in 
quantity the mucin is not so thoroughly dissolved and is then precipi- 
tated by the acetic acid in ropy strings instead of small flakes. It is 
advisable not to leave the eggs too long under the solvent, or some of — 
the black pigmented eggs will possibly be broken up, and when this 
pigment is diffused into the mucin it is precipitated with it and renders 
the mucin not only impure, but black in colour, when it is dried, Mucin 
mixed with particles of pigment or other matters may be more or less 
freed from them by straining through fine linen. It is impossible to 
filter it in the ordinary manner, 

_ The mucin that is prepared in this manner and dried to a powder, 
dissolves in water, giving to the fluid a glutinous feel. 

From its solutions this mucin is precipitated by acetic acid; also by 
absolute alcohol. 

It is soluble in dilute alkalies and solutions of the alkaline earths, 
and from these solutions may be reprecipitated by acetic acid. 

It is not precipitated by tannic acid, nor by ferrocyanide of potash 
and acetic acid (weak). It however yields a copious precipitate with 
acetate of lead. It is insoluble in solutions of sodium chloride. 

In all these reactions it, therefore, is in agreement with the mucins 
hitherto described. 

By prolonged boiling with strong (commercial) H°SO*, I have detected 
tyrosin. 

I can confirm Giacosa’s statement that it resists putrefaction. I 
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have had some standing for some weeks in contact with a solution taken 
from stinking putrefying albumins and it is quite fresh, and when washed 
gives no indication of putrefactive change. ° 

I have not succeeded in obtaining pyrocatechin Sool it, as Obolensky 
claims to have done from his mucin. One of the most interesting 
chemical features about mucin and other albuminoids is the production 
of a body that is reducing to alkaline copper solution, This has been 
obtained from other mucins, and frog mucin is no exception. 

When boiled for about twenty minutes with dilute sulphuric acid, 
a solution is obtained which is very strongly reducing to copper salts. 
When the solution is carefully neutralised, a white flaky precipitate 
separates out. After allowing to stand, the supernatant liquid poured 
off and evaporated down forms a syrup, from which there crystallises out. 
a mass, looking to the naked eye like crystals of sugar. Microscopically, 
they appear to have rhombic form. They are sweet to the taste, and do 
not ferment. The mass is insoluble in absolute alcohol, easily soluble — 
in hot, and less so in cold water. It does not appear to be a carbo- 
hydrate, since it yields ammonia. In his Physiological Chemistry, 
Dr Gamgee refers to such a body produced from other mucins as 

_ probably nitrogenous. I hope to be able to make a further examination 
_ of this interesting derivative. 

The production of a carbohydrate, insoluble in alcohol and ether, 
reducing copper oxide, and not destroyed by ferments, and to which he 
gives the name of ‘Animal gum’ is described by Landwehr’. He 
claims that it is a carbohydrate, and that he has obtained it from 
mucin, chondrin, metalbumin, and brain. If it is a carbohydrate it is 
probably different from the rion substance obtained from frog 
mucin. 

The precipitate obtained by neutralisation and referred to before, 
appears to be a syntonin. It is easily soluble in weak acids and pre- 
cipitated from its solutions by neutralisation. 

The digestion of mucin is commonly supposed to be performed by 
the pancreatic secretion. It was therefore surprising to me to find it 
digested by pepsin. I put some freshly prepared and still moist mucin 
into a test-tube along with a little liquor pepticus (Benger) and kept 
at about 40°C. for three or four hours, Examined at the end of that 
time, there was unmistakeable evidence of peptone. (The liquor pepticus 
itself always contains some peptone, and a control test-tube with only 


1 Zeit, f, Phys. Chemie, 1888. 
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liq. pep. was digested along with the mucin and subject to exactly the 
same conditions.) Though both gave the peptone colour reaction with 
liq. potassic and cupric sulphate, the mucin reaction was much the 
deepest. To make still surer, I digested some mucin along with active 
pepsin powder and dilute HCl and there was also unmistakeable evidence 
of peptone in this case, as evidenced by the solution not giving any 
coagulum on heating, no precipitate with acetic acid, or acetic acid and 
ferrocyanide of potash, but the red colour with a drop of very dilute 
CuSo* and KHO. After four hours’ digestion there was no trace of 
syntonin or hemialbumose (as indicated by giving no precipitate with 
neutralising); or, sodic diphosphate; or, HNO* in the cold; or, acetic 
acid and saturation with NaCl; or, acetic acid and potass ferrosyanide ; : 
or, with metaphosphoric acid. 

In the case of pancreatic digestion of mucin there was also peptone, 
but the solution of the flaky mucin was not accomplished in anything 
like the same time as by the peptic fluid. I shall reserve this question 
of the digestion of mucin for the present, with the statement that it is 
undoubtedly converted into peptone by active pepsin, a fact of which I 


have convinced myself by several trials, 


II. The Pigments of the Egg. 


The black pigment commonly called Melanin, or by Kiihne, Fuscin, 
or by Hodgkinson and Sorby, Pigmentum Nigrum, is of great interest. 
Its occurrence in pathological and morbid growths (Sarcomata) and 
in normal structures (choroid coat of the eye, feathers, hair, negro’s 
skin, &c.) render its relations still more interesting. To this list must be 
added certain eggs, where it occurs along with the yellow pigment, 
lutein (Lipochrin of Kiihne). The relation of these pigments to 
blood pigments is the central point of interest, and how far haematoidin 
can be modified so as to give rise to the bile and urine pigments on 
the one hand, and its connection with the black and brown pigments on 
the other hand. For the present it is my intention to record certain 
observations of my own in the colouring matters of frog’s eggs. When 
I have completed further observations which I have been making upon 
some of these ovarian pigments, I hope to be able to shew the genetic 
connection between them all. | 

The pigment ‘ Melanin,’ possesses either a black or brown colour, and 
is characterised by its extreme insolubility except in such media as 
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would alter it effectually. Hodgkinson and Sorby* describe the 
characters of their pigmentum nigrum, which they obtain from 
feathers and hairs, as a body of inconstant composition, but probably 
resembling albumen, and having a possible formula C*H"“O*N’ or 
C°H*°O*N, not easily soluble in strong acids, except HNO*, and only 
slowly acted upon by bromine, forming thus a body soluble in water 
and exhibiting a spectrum absorption of the blue end. They obtain it | 
by dissolving coloured feathers, or hair, in dilute H*SO‘, which yields a 
red or brown solution, depositing a black amorphous substance, insoluble 
in acids and alkalies, and giving “decided absorption spectra, and by 
- employing acids of certain strength several distinct spectrum giving 
substances may to some extent be isola 

Kiihne derives fuscin from the choroid by boiling in alcohol, ether, 
water, digesting with trypsin, purifying from nuclein by alkali, and 
filtering through gauze. It is a brown pigment, not destroyed by any 
chemical reagent. By long boiling in concentrated H*SO* it colours 
it brown-black, and similarly colours NaOH, or HNO*, yellow. By long 
treatment with weak HNO”, it becomes easily soluble in caustic alkalies, 
alkaline carbonates, and ammonia. It is gradually bleached by light. 
Hoppe-Seyler’ calls all these brown or black pigments Melanin. Allare, 
according to him, destroyed by caustic alkalies, bleached by chlorine, 
resisting solution in alcohol, ether, and acids, dissolving in boiling 
KHO leaving a black insoluble residue, 


I. Vitello-melanin. 


It is extremely difficult to extract the colouring matters from frog’s 
eggs. These, which are for the most part black, a brown-black, must be 
freed, in the first place, from their mucinous envelope, which, as I have 
stated previously, is best done by macerating in lime or baryta water. 

Ordinary solvents, such as ether, alcohol, benzole, petroleum, chloroform, 
‘ carbon disulphide, fail to extract this pigment. 

By boiling the eggs in caustic potash a brown solution is obtained, 
which deposits a black residue, amorphous when dried. Treating the 
brown solution with ether does not dissolve out any pigment, the 
etherial layer remaining perfectly clear. The powder is not soluble in 
boiling water. It is soluble in strong HNO®* (cold) almost entirely, 
yielding a sepia tinted solution, which successively becomes red-brown, 
yellow-brown, and deep orange on warming, The colour does not 
entirely disappear on boiling. 


1 loc. cit. 2 Hoppe-Seyler, Chem, Analyse, S'° Auflage, 1883. 
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It is partially soluble in hot ammonia, depositing a black residue. 
It behaves similarly in hot KHO. 

The spectroscopic appearance of the hot potasso-alcoholic solution of 
vitello-melanin shews a band at F, and an indistinctly defined absorption 
of the extreme blue end. The solution of vitello-melanin in nitric 
acid also exhibits an absorption at F, but much fainter, and a slight 
_ absorption of the blue end. This fluid is yellow. 

Having regard to the great insolubility of these egg pigments, I 
have had recourse to artificial digestion of the eggs with pepsin. For this 
purpose I have used liquor pepticus (Benger). The eggs are perfectly 
freed from mucin by maceration in lime water for 24 hours, and placed 
in the peptic solution (which is a very strong digestive menstruum) for 
about a day, at 40° C. 

By this means the eggs are thoroughly broken up into a finely 
granular mass. The digested products are removed by decantation and 
washing. The eggs are then several times extracted with ether. Some 
of the etherial residue, evaporated spontaneously in a watch-glass, leaves 
a brownish residue, finely granular and amorphous. Some yellow 
pigment separates out on the sides of the vessel, oily in nature and 
soluble in ether. 

The brown residue thus obtained has a sepia tint, and is insoluble 
in hot alcohol. When washed several times with alcohol and ether, 
this pigmentary residue shews the following reactions. It is soluble in 
hot KHO; it turns greenish-brown when treated with strong HNO’*, 
and finally colourless. It is bleached by bromine water. The addition 
of ferric chloride gives a deep red precipitate and colours the fluid red 
also. The spectroscopic appearances shew only a faint trace of a band 
at F. Eggs that have been digested with liquor pancreaticus (Benger) 
for 24 hours are not so effectually broken up as by liquor pepticus. 
The etherial washings, however, leave in the last few drops a brownish 
deposit, agreeing with the aforesaid characters. This pigment therefore 
agrees with the melanin of most writers, the fuscin of Kiihne and the 
pigmentum nigrum of Hodgkinson and Sorby, in its essential 
properties, (1) great insolubility in everything except strong acids and 
caustic alkalies, (2) its alteration by bleaching agents (bromine, chlorine, 
_ sulphurous acid), (3) its negative spectroscopic characters. 


II. Vitello-lutein. 


Eggs that have been previously digested with liquor pepticus are 
well washed, and placed under ether in a dark place for some hours. 
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There dissolves out gradually a small amount of a yellow pigment, 
colouring the ether. This is the pigment in the mixture that gives the © 
band at F. It is characterised spectroscopically by a — but not 
very well defined band at F. 

_It is deposited from the etherial solution on cealiadiaa evaporation, 
as an orange-yellow pigment, on the sides of the porcelain dish. It is 
decolourised by strong HNO’, and yields the above-mentioned spectrum. 
By treating with hot alcoholic potassium hydrate, a yellow soap is 
produced, from which ether dissolves out the pigment. It therefore 
agrees with the lipochrin of Kiihne, I think. The eggs at my disposal 
were not sufficient to allow of extraction of this colouring matter in 
quantity, my endeavours to obtain more of them having failed. I hope 
to return to a further examination of this yellow pigment at another 
time. For the present I regard it as identical with lutein or lipochrin. 
The uncertainty that exists:‘in regard to the pigments included under 
the’ name lutein should be cleared up. So far it may be used as a 
general term to cover all yellow pigments. Provisionally I call this 
yellow pigment of frog’s eggs Vitello-lutein, and the black pigment 
Vitello-melanin, and hope to offer some further observations on these 
ovarian pigments in a future communication. I purposely refrain from 
speaking of the genesis of these pigmentary bodies here, reserving it 
also for a future paper. 

The object of the present paper has been to shew 


(i) That the outer covering of the frog’s egg is pure mucin. 


(ii) ~That the pigments of the egg are two: a black (V itello- 
melanin), and a oe (Vitello-lutein) one. 


PH. Y. | 7 
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CONCERNING THE INFLUENCE OF SALINE MEDIA 


ON FISH, ETC. By SYDNEY RINGER, M.D., Professor 
of Medicine at University College, London. 


THis paper’ is a record of experiments showing the influence of the 
saline constituents of fresh water on fishes. 
Whilst fish will live for weeks unfed in tap water, they die when 


placed in distilled water in a few hours, minnows for instance on an 


average of 45 hours. The addition however either of a sodium or a 
calcium salt in minute proportions greatly prolongs their life, Sodium 
chloride, sodium bicarbonate and potassium chloride added singly to 
distilled water sustain life for about the same time, namely from one to 
two days. Sodium bicarbonate prolonging life rather longer than 
either of the two other salts. 

Calcium chloride added to distilled water sustains life much longer 
than either corresponding quantities of sodium or potassium salts. 
_ The addition of sodium bicarbonate greatly enhances the life-pro- 
longing effect of calcium chloride. This combination indeed appears as 
capable of sustaining life as tap water. | 

I find that whilst a reduction of the relative quantity of salts below 


‘a certain point renders water incapable of sustaining life, that on the 


other hand fish, as minnows. and sticklebacks, can exist in fluid con- 
taining a considerable excess of salts over that common in river waters. 
I find too that by gradually reducing the quantity of sodium salts I can 
habituate minnows and sticklebacks to live in a fluid containing only a 
calcium salt or calcium chloride. Sticklebacks which are anadroméus 
become, as one would naturally expect, much more readily habituated to 
a fluid of a different composition to that to which they are accustomed 
and far more readily than minnows. 

Many fish are endowed with the capacity to live in waters of very 
variable composition—in waters which speedily kill other fish. 

Day’* says that whilst Pleuronectidiz (Flat-fishes) are mostly marine 
and found in shallow water with a sandy bottom ; some, as the common 


1 A short notice of these experiments appeared in the Journal of Physiology, 1883, 
® Fishes of Great Britain and Ireland, Part v. 1882, p. 5. 
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flounder, are anadromous, that is ascend rivers and can live in fresh 
water. He states’ that the diamond plaice thrives in fresh water ponds. 

Soles too, he says, ascend rivers above the tide-way and remain ‘ig 
flourish there throughout the year, 
_ Mr Harvie Brown caught at Durness several nicealied sea trout 
from a sea pool, its water being quite fresh at low tide and salt or 
_ brackish at high tides, 

Mullet in hot weather ascend the Avon for twenty miles far a bag 
the influence of even a spring tide’. 

Stickleback and codfish are anadromous. | | 

In a subsequent paper I hope to show that the composition of the 
water greatly influences the growth and development of the ova and 
larvee of frogs, and therefore probably of fishes too, With ova and larve of 
frogs I can not only arrest growth but development in spite of growth, 
and can produce various distorted forms, although these after a month 
or more generally die and I have not yet succeeded in rearing frogs 
from them, Yet it seems not unlikely that slighter variations occurring 
through some temporary alteration in the composition of the water of 
streams may be able to live and so lead to the formation of species. __ 

- The same holds probably with fishes, for the composition of the 
water influences the hatching of salmon ova, for they*® will not hatch in 
the sea though sometimes they are deposited there. 

Saline water of sp. gr. 1016 is fatal to impregnated ova and to young 
fish, and when the water is diluted to sp. gr. 1007 the advanced ova 
may be hatched in it and young fish kept alive for a few days, though 
with diminution of powers and vitality. Day also states that breeding 
in confined places is believed to cause a malformation of the gill covers, 
and a similar malformation I can induce in frog larve by certain 
conditions to be described subsequently. 

The composition of water modifies the nutrition and growth of well 
developed fish. Thus the flounder* found in rivers above tidal in- 
fluences has soft flesh, due to its more rapid growth, 

On ascending a river to breed the flesh of salmon deteriorates, 
becoming softer and paler, and the silvery lustre of the scales changes to 
a muddy hue. Some streams invariably yield trout with red flesh, 
other streams yield trout with white flesh. 

‘When the anadromous forms of salmon descend to the sea, they lose 
the transverse bars and become silvery. 


1 Ibid. p.27, 2 Day, p, 229, Vol. * Day, ibid. 4 Day, ibid. p. 35. 
7—2 
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Again, in some salmon (Salmo cambricus) if retained some time in 
fresh water ponds, the pectoral fins become more pointed than in others 
which are allowed to go to the sea. 

In California the Salmo tridens inhabits all the brooks and rivers; 
it descends every autumn to the sea, where it loses its spots and changes 
its colour to a steel blue. Day further says the colour, depth, and 
character of the water have an influence on the Salmonide. Some 
caught in dark holes or caves were nearly black. 

Mr J. Harvie Brown’ observes that at a far inland locality in 
‘Sutherlandshire, brown trout, dark and spotted, were caught in 1877, 
and introduced into a chain of lochs in the same country, which have 
their sources in innumerable springs of clear water from granite and 
limestone mountains, chiefly the former. The fish became in a single 
year silvery, covered with minute bright scales like sea trout, and grew 
to the size of one pound weight in twelve months. The food in the loch 
is shellfish and tadpoles, and the bottom granite, gravel and sand. 

Mr Brown also observed that continuous pollution of water through 
_ the agency of paper mills causes a contraction of the rays of the tail 


Lord Home observes of the two streams, the Whiteadder and its 
tributary the Blackadder, that the former flows along a very rocky and 
gravelly bed; while the latter rises in mosses and also traverses them 
in the first half of its course, but subsequently along a rich and highly 
cultivated district. The trout in the Whiteadder are silvery, while 
those from the Blackadder are dark with orange fins. 

In loch Islay there exists a race of tailless trout; this peculiarity has 
been traced to the action of deleterious. matter in some streams, but its 
nature is not stated. 

The gold fish is remarkable for many varieties of colour subject to 
the influence of temperature, water, &c. A correspondent in Land and 
‘Water remarks that for the purpose of inducing colour the chief 
materials needed are iron, gall-nuts and tan; and by proper treatment a 
fish, originally white and red, can be rendered black, white and red. 

The growth of the smelt is said to be frequently much retarded when 
passing from marine to a fresh water state of existence, ; 

Moss and peat? and a muddy bottom cause salmon to assume a dark 
tint; clear water in rapid rivers and lakes and a pebbly bottom give the 
fish a silvery colour. 


4 Day, loc. cit. p. 100, Part v1. . * Land and Water, 1882, p. 147. 
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‘High altitudes* and a weedy sandy bottom appear to retand the 
development of trout. | 

These changes in many instances are not due to habituation, for - 
some fish will pass at once from one medium to another of a very 
different composition, as many of the previous instances illustrate. On the 
other hand some fish require a gradual change to become habituated to 
a different medium. For instance* the double spotted Goby lives for a 
long time in fresh water when gradually accustomed to it; but when 
suddenly placed in cold fresh water it becomes apparently asphyxiated. 
In this instance the new medium appears to affect the gills as distilled 
water affects the gills of fresh-water fishes. The Gobius niger is capable 
of living in fresh water or salt water even if suddenly changed from one 
to the other’. 

The composition of the water very probably has much bearing on 
salmon disease; for Day asserts that a fungus which attacks salmon in 
fresh water seems to get cured by going down to the sea, and sea water 
generally appears to check the disease. 

In the experiments recorded in this paper observations were taken 
at about 9 a.m. at noon and between 6 and 8 p.m. 

Except where the contrary is stated, the fish were kept in the same 
testing water throughout the experiment; and except where the contrary 
is stated, I always placed the same number of fish in the same 
quantity of fluid, for instance six minnows or twelve sticklebacks or three 
_ gold fish to the 1000 c.c. 

During their probation, the fish were unfed. 

_ The solutions of calcium chloride, of sodium bicarbonate, of potassium 
chloride, each contained respectively 1 p.c. of salt. : 

Minnows, sticklebacks and gold fish, eels, &c. cannot live in distilled 
water, 

In various experiments I tested the effect of distilled water on 
22 sticklebacks and 28 minnows. 

The sticklebacks died in an average time of 14 hours. 

The minnows died in an average time of 4°5 hours. 

This inability to support life may be due to a too small quantity of 
oxygen or the absence of inorganic salts in the distilled water. 

It is not due to inadequate amount of oxygen, for before and during 
the experiments the distilled water was freely exposed to the air; and 
a on adding inorganic salts to the distilled water, its power of 


1 Ibid. 1882, Dec, 2. 2 Day, Vol. 11. p. 147. 8 Ibid. p. 165. 
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sustaining life is increased; moreover the addition of certain salts in 


proper proportions to distilled water renders it capable of sustaining 
life in the same degree as pipe water, in which minnows and sticklebacks 


and gold fish will exist for weeks without food. 


The inability of distilled water therefore to sustain fish life i is due 
to the absence of certain inorganic salts. 

As one would expect, these salts must be present. in a certain per 
centage proportion; at least there isa minimum per centage below which 


the water is incapable of sustaining fish life for any length of time, 
though fish will live in water containing a considerably larger quantity 


of these salts. I find that minnows placed in a fluid consisting of one 
part of tap water to two parts of distilled water die on an average in 
43 hours; the salts greatly diluted sustained life longer than distilled 
water, but could not sustain life for any length of time. 

I often tested the distilled water and got others skilled in this 
matter to test it, and we thought the distilled water gave a very faint 
acid reaction. I made a series of experiments to learn if the death of 
the fish in distilled water is due to the faint acidity. I placed 1000 c.c. 
of tap water in three vessels; into the first I dropped 6, into the second 
12, into the third 20 drops of 10 p.c. solution of acetic acid. Each of these 


solutions gave decided acid reaction, far greater than the distilled water. 


‘Twenty-four hours afterwards, the three minnows placed in each vessel 
were quite natural, 

In five control experiments to test how long minnows will live in 
tap water I obtained the following results. 

I. Of11 minnows all were alive on the seventh day. 

II, Of 5 minnows all were alive on the ninth day, 

III. Of 12 minnows one died on the 13th day and 11 were alive on 
the 15th day. 

I now give the results of many testings of the effect of common 
salt, of sodium bicarbonate, of potassium chloride, of calcium chloride, and 
of various combinations of these salts, in sustaining life of minnows, 


Experiments with sodium chloride. 


Six minnows in a solution consisting of 10 c.c. saline solution (0°75 p.c.) 
in 1000 c.c. distilled water died on an average in 11 hours, 

Six fish in a solution consisting of 20 ¢.c. of saline solution in 1000 c.c. of 
distilled water died on an average in 14 hours. 

Six fish in a solution consisting of 30 c.c. of saline solution to 1000 c.c. of 
distilled water died on an average in 29 hours, | 
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_ _Kighteen fish in a solution consisting of 40 cc. of saline solution to 
1000 c.c. of distilled water died on an average in 19 hours, 
_ Six fish in a solution consisting of 50 ¢.c. of saline solution to 1000 c.c. of 
distilled water died on an average in 28 hours, 
Six fish in a solution consisting of 60 c.c. of saline meron to 1000 c.c. of 
distilled water died on an — in 30 hours. 


Experiments with sodium bicarbonate. 


| “Twenty-six fish in a solution consisting of 20 c.c. of sodium bicarbonate 
solution to 1000 c.c, of distilled water died on an average in 16 hours, one 
living for three days and a half. 
Six fish in a solution consisting of 30 ¢.c, of sodium bicarbonate solution 
to 1000 c.c. of distilled water died on an average in 50 hours. | 
One died on the 4th day, __ 
One 4 Gth day. 
Five fish in a solution consisting of 40 ¢.c. of sodium bicarbonate solution 
to 1000¢.c, of distilled water died on an average in 47 hours, 
Six fish in a solution consisting of 50 c.c. of sodium bicarbonate solution 
to 1000c.c, of distilled water died on an average in 31 hours, 


Experiments with potassium chloride. 
Twelve fish in a solution consisting of 10c.c. of potassium chloride 
solution to 1000 c.c, of distilled water died on an average in 12 hours, 
Six fish in a solution consisting of 20 c.c. of potassium chloride solution 
.to 1000 c.c, of distilled water died on an average in 17 hours, 
Twelve fish in a similar solution, 
Nine died on an average of 30 hours, 
Two on the 8th day, and 
One on the 9th day, 
Twelve fish in a solution consisting of 30c.c, of potassium chloride 
solution died on an average in 17 hours, 
Twelve fish in a solution consisting of 50c.c. of potassium chloride 
solution to 1000 c.c. of distilled water died on an average in 12 hours, 
Twelve fish in a solution consisting of 60¢.c, of potassium chloride — 
solution to 1000 c.c, of distilled water died on an average in 32 hours, 


Experiments with chloride of calcium. 
Forty-one fish in a solution consisting of 10¢.c. of calcium chloride 
solution to 1000 cc. of distilled water died on an average in 24 hours 


4 
“wae 
. 
Wi 
4 
$ 
4g 
a 
a 
= 
weg 
Te 
J 


RINGER: 


_ Twelve fish in a solution consisting of 20c.c. of calcium solution to 
1000 c.c. of distilled water died on an average in 26 hours. 
_ Fifteen fish in a solution consisting of 30c.c. of calcium chloride in a 
1000 c.c. of distilled water, six died on an average of 47 hours. 
ioe : Nine were alive on the 12th day. | 
Six fish in a solution consisting of 40-c.c, of calcium chloride solution to 
the 1000 c.c. of distilled water died on an average of 60 hours. 
One died on the 5th day, — 
Ten fish in a solution consisting of 50¢.c. of calcium chloride solution to 
_ the 1000 c.c, of distilled water, seven died on an ‘average of 33 hours. 
Three were alive on the 9th day. 
_ Eleven fish in a solution consisting of 60.c. of calcium chloride solution 
to the 1000 c.c. distilled water, nine died on an average of 90 hours. 
Two were alive on the 9th dey. 


Ezperiments with caloium chloride and potassium chloride. 


Twenty fish in a solution consisting of 10 c.c. of calcium chloride solution 
and 5c.c. of potassium chloride solution to the 1000 c.c. of distilled water 
died on an average 

Nineteen in 23 hours, 
One was alive on the 6th day. 

Twelve fish placed in a solution consisting of 10c.c. of calcium chloride 
and 20c.c, of potassium chloride solution to the 1000 c.c, of distilled water 
died on an average in 61 hours, 


Experiments with calcium chloride and sodium bicarbonate. 


Twenty-one fish in a solution consisting of 10c.c. of calcium chloride 
solution and 20c.c. of sodium bicarbonate solution to the 1000cc. of 
distilled water. | 

Sixteen died on an average of 47 hours, 
One alive on the 5th day, 
Four alive on the 9th day. 

Ten fish in a solution consisting of 20c.c. of calcium chloride solution 

and 20 c.c, of sodium bicarbonate solution to the 1000 c.c. distilled water. 
One died on the 3rd day, 
Two , l%thday, 
Seven alive on the 19th day. 
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Experiments with calcium chloride, sodium bicarbonate, and potassium 
| chloride. 
Eleven fish in a solution consisting of 10 c.c. of calcium chloride solution, 
10c.c. of potassium chloride solution, and 20c.c. of sodium bicarbonate 
solution to the 1000 c.c. of distilled water. 
Four died on an average in 26 hours, 
Seven were alive on the 9th day. 
Nineteen fish in a solution consisting of 20c.c. of calcium chloride 
solution, 20c.c. of sodium bicarbonate solution, and 10c.c, 
chloride solution to the 1000 c.c. of distilled water. 
Three died on an average in 36 hours. 
Four were alive on the 7th day, 
12th 
Twelve fish in a similar solution. 
All alive on the 21st day. 


It is evident that the addition to the distilled water of any one salt 
prolongs fish life. The effect of sodium chloride, of sodium bicarbonate, 
of potassium chloride is much the same, whilst calcium chloride sustains 
life for a much longer term. The first-named salts sustain life from one 
to two days, whilst a corresponding dose of calcium chloride sustains life 
for many days; for instance with 30 c.c. of 1 p.c. solution added to 
1000 c.c. of distilled water six fish died on an average of 47 hours, whilst 
_ on the 12th day nine were still alive. 

The addition of sodium bicarbonate to calcium chloride greatly 
enhances the life-sustaining effects of this salt. For instance 10 c.c. of 
1 pc. solution of calcium chloride per 1000 cc. of distilled water 
sustains life on an average for 24 hours, but the addition of 20 cc. of 
1 p.c. solution of sodium bicarbonate gave these notable results; 16 fish 
died on an average of 47 hours, one was alive on the fifth day and four 
were alive on the ninth day. 

Again, with 20 cc. of sodium bicarbonate solution and 20 cc. of 
calcium chloride solution, of ten fish one died on the third day, two on 
the seventeenth, and seven were alive on the nineteenth day. 

The addition of potassium chloride to calcium chloride and sodium 
bicarbonate sustains life in a still more marked degree, though the 
influence of the potassium chloride is only slight. 

In three experiments with a solution consisting of 20 c.c. of calcium 
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chloride solution, 20 ¢.c. of sodium bicarbonate solution, and 10 cc. of | 
potassium chloride solution to the 1000 c.c. of distilled water, 


I, One fish died in 11 hours, 
Ten , 48 hours, 
Four were alive on the 7th day. 


II. Twelve fish were all alive on the 12th day. 
III, Twelve fish were all alive on the 21st day. © 


In these experiments I often noticed that one, two, or more of the 
minnows greatly outlived the rest. 

For instance, in an experiment with six minnows placed in 1000 ca.c, 
distilled water containing 30 c.c. of 1 p.c. solution of sodium bicarbonate, 
two died in 11 hours, one in 20 a one in 33 hours, one in 90 hours, 
one in 146 hours. 

Again, in an experiment with fifteen fish placed in solution con- 
taining 30 c.c. of 1 p.c. solution of calcium chloride to the 1000 c.c. 
‘distilled water, six died on an average of 47 hours, whilst nine were alive 
and active on the twelfth day. 

This prolongation of life in some of the fish much beyond their 
fellows must be due either to habituation or because the dying fish 
give up some constituent, probably inorganic salts, to the fluid in 
sufficient quantity to sustain the life of the survivors, 

I put 24 minnows in 1000 c.c. of distilled water, that is four times 
more fish than in the previous experiments, Most died in the course of 
six or seven hours, nine were living at the end of 24 hours, five died in 
48 hours, and two were alive and well at the expiration of 72 hours. 
These two survivors I placed in a fresh supply of distilled water and 
they were both dead in six hours, 

It is obvious here that the prolonged survival of two of the minnows 

was not due to habituation to the distilled water, for they died speedily 
when placed in a fresh supply of it. It is probable that the other fish 
gave up something to the water, probably inorganic salts, which enabled 
the water to sustain life; and that this is the correct view is, I think, 
exemplified in this continuation of the experiment. Into the 1000 cc. 
of fluid which previously contained the 24 minnows, I put six fresh 
minnows, and all were alive and active seven days afterwards, It is 
obvious then that the first fish gave up something to the water to 
increase its life-sustaining powers, 


I repeated the preceding experiment with a slight modification, 
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I placed 24 minnows in 1000 c.c, distilled water. 
Thirteen in 4 hours. 
One 
Thre , » 16 
One _,,_—on the 4th 
Three were alive and active on ov 8th day. 


I tested the water which had contained the fish for lime by adding a 
little oxalate of ammonium solution, and produced a slight opalescence, 
indicating the presence of a minute trace of lime though decidedly 
less lime than tap water contains diluted with two parts of distilled 
water, I then placed the three surviving fish in one part of tap water 
and two parts of distilled water; one died in 14 hours, one in 28 hours, 
and one in 34 hours. Therefore I conclude that the prolonged life of 
some of the fish in distilled water is not due simply to the abstraction 
of a lime salt but also of other inorganic salts or x possibly organic 
matter, 

In an experiment with six minnows placed in 1000c.c. distilled water 
containing 40c.c, of saline solution (0°75 p.c, common salt), five died on 
the second day, but one lived on to the sixth day and was then put into 
a fresh solution of the same composition and died in less than 24 hours, 
This extension of life in one fish cannot be attributed to habituation. . 

I placed twelve minnows in 1000c.c. of distilled water with 30c.c. of 
sodium bicarbonate solution; another twelve fish in 2000¢.c. of distilled 
water with 60c.c. of sodium bicarbonate solution, and yet another twelve 
fish in a 1000c.c, of distilled water with 30c.c. of sodium bicarbonate 
solution. | 

The first and second lot of fish I allowed to remain in the same fluid 
throughout the experiment, but the second lot had twice as much fluid as the 
first, and consequently the salts, &c. separated from its complement of fish 
would be more diluted than with the first batch and the fish should die 
sooner, 

With the third lot I replaced the fluid by a similar quantity of the same 
solution twice a day. 

The twelve minnows placed i in 1000c.c. of solution lived on an average 
65 hours. 

The twelve placed in double the quantity of fluid (2000 c.c.) died on an 
average in 23 hours. 

The twelve whose solution was changed twice a day died on an one 
in 15 hours. 
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Into the 2000 c.c, of fluid in which twelve minnows had died, I then 
placed another 12 minnows, 
One died in 34 hey 
” » » 

One died on the 4th day. 
Two »  » 5th ” 

” ” 6th 
One » 4, 
Four alive on 9th day. 
Three ,, 12th day. 

I then placed the three surviving fish in 1000c.c. distilled water 
~ and 30c.c. of sodium bicarbonate solution. Two were dead in 15 hours and 
the last died in 27 hours, showing that their prolonged life was not due 
to habituation to the fluid, but that the former tenants had given up 
some substances to the fluid and rendered it capable of supporting life. 


It is obvious that in these experiments the fish gave to the water 
some substances capable of supporting the life of other fishes. As fish 
cannot live without lime and potash and soda salts, it is evident at least 
that the deceased fish gave enough of these salts to the water to enable 
it to sustain the life of their successors. | 

Yet the quantity of lime thus yielded cannot be large, for when 
24 minnows are placed in distilled water whilst most of them die yet 
some live many days. Now this fluid when filtered and treated with 
oxalate of ammonia becomes just perceptibly opalescent, far less so 
than tap water itself and even less than tap water diluted with two 
parts of distilled water, and this mixture will not, I have shown, sustain 
fish life beyond an average of 43 hours. 

I next record a few experiments made with sticklebacks during the 
autumnal and winter months of 1883. 


_ Twenty-two sticklebacks placed in distilled water died on the average in 
14 hours, 
The shortest interval was six, the longest twenty-eight hours. 
With distilled water containing for each 100cc. lec. of calcium 
chloride solution, 
Twenty-one fish, ten died on the average in 59 hours. 
Two were alive on the 3rd day, 
Nine ” ” 9th ,, 
With distilled water containing for each 100cc. lec. of calcium 
chloride solution and 1 ¢.c. of potassium chloride solution, 
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Of twenty fish 
Thirteen died on the average of 63 hours. 
One was alive on the 3rd day. 
” ” ” 7th ” 
Five ” ” 9th ,, 
on which day I discontinued the experiment. 
With distilled water containing 2c.c. of calcium chloride saletidi 
per 100c.c., 
Three died in 19 hours. 
Two died ‘onthe 3rd day. 
One » ow 
Two » Oth ,, 
» » 16th ,, 
This surviving fish was s placed i in a fresh solution of the same composition 
-and was alive four days after. 
With distilled water containing for each 100cc. 3cc. of calcium 
chloride solution, 
One died in 13 hours. 
| » 
Four ‘tel on 3rd day. 
One 5th ” 
” ” 14th ” 
Three alive on 21st day. 
The oniving fresh fluid of the same 
composition. | | 
One died on the 3rd day. 
Two were alive on 4th day. 
With distilled water containing for each 100c.c. 4¢.c, of calcium 
chloride 
Four died on an. average in 14 hours 
One » » » On 3rd day. 
” ” 9 » 10th »,, 
” ” dist ” 
Five were alive on 21st day. 
The surviving fish were placed in a fresh quantity of fluid of the same 
composition, and were all alive four days after. : 
With twenty sticklebacks placed in tap water, all lived. With two 
I concluded the experiment on the 3rd day, with three on the ' th, and with 
fifteen on the 9th day. 
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In another experiment with eleven fish, 
Three died on the 6th day. 
” ” » ,, 
Nine were alive on 25th day. 


Sticklebacks therefore live in distilled water about four times longer 
than minnows. 

Lime chloride, then, prolongs the life of stickicbacks much | more 
markedly than of minnows, and a smaller quantity has notably greater 
influence on sticklebacks than on minnows, 


With lc.c, of calcium chloride to 100 c.c. of distilled water minnows die 
on an average in 24 hours, | 
With 2c.c. of calcium chloride to 100c.c, of distilled. water minnows 
died on an average in 26 hours. 
With 3c.c, of calcium chloride solution to 100c.c. of distilled water, 
of 15 fish | 
Six died on an average in 47 hours. 
Nine were alive on the 12th day. 


Gold Fish. 


Three gold fish in 1000 c.c. of distilled water. 
One died in 46 hours, 
The fluid renewed twice, once each day. 
Their weights respectively were 7, 7 and 4 grammes. 
On the first day, as with other fish, the fluid became very flocculent 
from the presence of epithelium and mucous cells. 
Three fish in 1000c.c. of distilled water containing 30c.c; of calcium 
chloride solution. | 
One died on the 9th day. 
” ” ” 10th ,, 
” ” 
The fluid renewed eight times. 
Three fish in 1000c.c. of distilled water containing 20 cc. of calcium. 
chloride and 20 c.c. of sodium bicarbonate solutions. 
- One died on the 13th day. 
Two alive on the 23rd day. 
Fluid renewed eight times. 
Three fish Dace in 1000 c.c. of tap water. 
One died on the 21st day. 
. Two alive on the 23rd day. 
Fluid eight times, 
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In these trials I renewed the fluid frequently, for experiments with 
minnows show that they give up some substance to the water rendering 
it more capable of sustaining life and heat. 

This is the case likewise with gold fish, as shown in these experi- 
ments, in which the fluid was not renewed throughout the operation. 


Of three fish in 800 c.c. distilled water, 
One died in 4 days, 
6 
alive on 15th day 
Of three fish in 800¢.c. distilled water containing 8c.c, of calcium 
chloride solution, 
One died in an hour, 
is 28 hours, 
» yy On 4th day, 
Of three fish placed in 800 c.c. distilled water containing 8c.c. of calcium 
chloride and 8 c.c. of potassium chloride solutions, 
One died on the 4th day. 
” 6th ,, 
Of three fish stand in "800 c.c. of tap water, 
One died in 24 hours, 
On the 5th day. 
” 8th_,, 


Like minnows and sticklebacks, gold fish cannot live in distilled 
water, but the addition of small quantities of salts greatly increases their 
duration of life. In fact the addition of 1 c.c, of calcium chloride and 
1 c.c of sodium bicarbonate to the 100 c.c, distilled water sustains life — 
as well as tap water. 


Eels. 


Feb. 4. An eel weighing 115 grammes in 5000 c.c, distilled water died on 
3rd day. 


Feb. 4. An eel weighing 250 grammes in 5000 c.c. distilled water died 
2nd day. 


Feb, 5, An eel weighing 305 grammes in 5000 c.c. distilled water died 
2nd day. 

~The fluid became, as with other fish, very Siac 

In the foregoing experiments the water was changed daily, 


Feb. 2. An el placed in tap water which was renewed daly died on 
10th day. 
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It appears then that distilled water kills eels like ee fish very 
speedily. 
I placed a dace weighing 3o0z. in 9000c.c. distilled water, and next 


morning found the fish dead and the water very flocculent. Another dace 
in tap water seemed quite ane after vestry, toa’ hours’ immersion. 


Newts. 


Feb. 7. Four newts placed in 2000 c.c. tap water, renewed daily. 

One died on the 10th day. 
: | Three alive on the 13th day. 
«Feb. 7. Five newts in 2000 c.c. distilled water, the water er daily. 
Two died on 3rd day. 
4th 

One 5th 

Feb. 7. Seven newts in 2000 « distilled water, renewed daily. 
Three died on 2nd day. . 
One 4th ” 
Two » Oth ,, 
One » Oth 

Feb. 7. Three newts in 2000 c.c. distilled wales, renewed daily. 
One died on 4th day. © 
Two » Oth . 

Distilled water therefore, though in a a degree, is fatal to newts, 


We have then ascertained that fish placed in artificial waters live a 
very variable period, some die in a few hours, others survive several 
days. This prolonged life in some instances, I have shown to be due to 
the fish giving up some organic or inorganic substances to the waters 
which render them more capable of sustaining life. . 

The possibility however that fish may become habituated to the 
fresh media has led me to conduct a large series of experiments to 


endeavour to settle the point whether fish can adapt themselves to 


strange media with a composition different from the waters which 
constitute their natural habitats. 

The greater number of experiments I aa with minnows, with 
however but little success. It is not necessary here to record the 
failures, but I will describe my solitary successful case. 


Oct. 14. I placed 24 minnows in 4000 cc. distilled water containing 


‘40 cc. of calcium chloride and 20 c.c. of potassium chloride solutions. 


On the 6th day only one survived, and on this day I renewed ~ fluid and 
again renewed it on the 11th day. 
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On the 13th day I began to reduce the potassium chloride, and placed 
the minnow in 1000 c.c. distilled water containing 10 c.c. calcium chloride 
solution and 4 c.c. potassium chloride solution. 

_ On the 14th day I changed the fluid, reducing the potassium chloride to 
3c. per 1000. On the 16th I reduced it to 2 and on the 18th to lec., 
and on the 19th day I omitted the potassium chloride, so that the fluid 
consisted of 1000 c.c. distilled water 10 cc. calcium chloride 1 p.c. 
solution, 

On the 24th day I renewed the fluid and on the 34th day the minnow was 
alive and active, so that it had lived unfed for 35 days in an artificial medium, 
and for 15 days this medium consisted simply of distilled water and 
calcium chloride in the proportion of one part of calcium chloride to 1000 
parts of water. 


In the many unsuccessful experiments no doubt I lowered the 
quantity of salts too rapidly. 

I have now to refer to some experiments made with sticklebacks 
recorded in this paper. 


I placed minnows in different solutions of calcium chloride in distilled 
water, keeping them in the unchanged fluid. 

In three experiments, on the 21st day nine fish survived. _ 

I then renewed the solutions, and four days afterwards eight were 
alive, | 


Sticklebacks are considered hardy fish, whilst minnows are spoken of 
as delicate fish and kept alive with difficulty. These experiments 
partially explain this difference in hardiness, for sticklebacks will live 
in solutions which prove quickly fatal to minnows. 

I next tried the effect of adding calcium chloride to tap water. 


I placed 12 minnows in 2000 c.c. tap water, to which I added 20 c.c. 
calcium chloride 1 p.c. solution. 
They were all alive on the 9th day. 
I placed: 13 minnows in 2000 c.c. tap water containing 200 c.c. of 1 p.c. 
solution of calcium chloride, and all were alive on the 12th day. 
Placed 12 minnows in 2000 c.c. tap water containing 40 c.c. of 5 p.c. 
solution of calcium chloride. 
_ Two died on the Ist day. 
One , ,, Sth ,, 
” ” » llth ,, 
Seven alive on the 12th day, 
PH. V. 8 
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Placed 12 minnows in 2000 c.c. tap water containing 50 c.c, 5 p.c. solution 
of calcium chloride. 


Four died on the Ist day. 
Eight were alive on the 14th day. © 
Placed 12 minnows in 2000 c.c. tap water containing 60 c.c. 5 p.c. solution 
of calcium chloride. 


One died on the 4th day. 
Eleven alive on the 12th day. 
Placed 11 minnows in 2000 cc. tap water oo 100 cc. of 5 p.c. 
solution of calcium chloride. 4 
All alive on the the 11th day. 
Placed 12 minnows in 2000 c.c. tap water containing 150 c.c. of 5 Pc. 
solution of calcium chloride. 
All were alive on the 9th day. 
- Placed 12 minnows in 2000 c.c. tap water containing 200 c.c. of 5 p.c. 
solution of calcium chloride. 
One died on the 2nd day. 
” ” » ord ,, 
Ten alive on the 14th day. 
Placed 12 minnows in 2000 c.c. tap water ipa 250 c.c. of 10 p.c. 
calcium chloride solution. 
All dead by the 9th day. 
Placed 12 minnows in 2000 c.c. tap water containing 300 c.c. of 10 p-c. 
solution of calcium chloride, _ 
All were dead in 24 hours. | ee 

We see then that to sustain the life of fish, the water in which 
they live must contain a minute quantity of various salts, for instance 
one in 5,000 to 10,000 of calcium and sodium salts. That in water 
containing a smaller quantity fish languish and die, and they die still 
sooner in distilled water. On the other hand they can live in a great 
excess of lime over the minimum essential to life. 

How does distilled water destroy fish life? Probably in one of two 
ways or in both. 

Lime is essential to muscular contraction’ and probably, I would 
suggest, to the performance of any function of the body; potash and 
soda also are probably equally essential. It may be that these salts are 
withdrawn from the blood and tissues through the surface of the body, 
but, especially through the gills. On the other hand it may be that 
distilled water destroys by acting osmotically on the tissues, and espe- 
cially on the tissues of the gills, mainly by interference with respiration. 


1 Journal of Physiology, Vol. 1. 
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In favour of the first view I may draw attention to the experiments 
showing that fish give up some material to the distilled water, enabling 
it to sustain life, and that this material consists probably of sodium, 
calcium, and possibly of potassium salts. 

The second view is supported by the fact that fishes, soon after 
immersion in distilled water breathe laboriously, the water soon becomes 
opaque with flocculi; and those solutions best capable of “es life 
become least ficovulent. 
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A NOTE ON THE COMPOSITION OF HUMAN BILE 
OBTAINED FROM A FISTULA.’ By GERALD F. YEO, 
MD., anp E. F. HERROUN. | 


THE paucity of cases in which accurate examinations of freshly 
secreted human bile are recorded is sufficient excuse for the publication 
of the following notes. 

The individual from whom the bile was obtained had been long 
suffering from a disease which ultimately proved fatal, and therefore our 
results cannot be accepted as a satisfactory physiological record. The 
only other records of similar analyses that we can find are open to the 
same objection: in Ranke’s’ case the bile, being obtained through a 
pulmonary fistula, must have been admixed with bronchial secretion : 
Jacobsen’® gives no account of the condition of the patient whose bile he 
estimated, but presumably it was from a person suffering from serious 
disease, and certainly was not normal since there was a biliary fistula. 

In the present case the secretion was obtained from a patient under 
- the care of Dr George Johnson, F.R.S., to whose kindness we are 
indebted for permission to make the observations. 7 . 

A man et. 48, after six months’ jaundice, was admitted into the 
hospital in a condition of extreme emaciation, weighing 112 lbs. and 
on the 27th of February his tensely-filled gall-bladder was opened with 
aseptic precautions by Sir Joseph Lister, F.RS., in the hope of 
removing the obstruction, which, however, was found to depend upon 
occlusion by a carcinomatous growth of the common bile duct, and 
could not be made pervious. A large quantity of thick black bile was 
removed but unfortunately was not submitted to analysis. There was — 
no trace of bile in the feces at any time during his stay in hospital. 

The secretion was collected in sacks of black caoutchouc which were 
kept aseptic by the dressings. The exclusion of atmospheric germs had — 
the advantage of preventing cystitis and decomposition of the bile, and 
the attending complications. 


1 Griindziige d. Physiol. d. Mensch. 4th edition, p. 324. 
2 Ber, d. deutsch. chem. Geselisch. Bd, rv., 8. 1026. 
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‘Quantity secreted in twenty-four hours. 


Although the patient lived two months after the operation con- 
siderable difficulty was found in arriving at accurate estimations of the 
daily secretion on account of the unavoidable leakage into the dressings. 
After the wound had become sufficiently small to reduce the loss to an 
insignificant amount, the following measurements were made. 


March 26 —— 12 ozs. 
27 —— 11} ” 
” 30 11} ” 
April 2—— 14} ,, 
3 14} ” 


making an average of about 132 ozs. or 374°5 c.c. per 24 hours. These 
measurements are doubtless slightly below the total amount secreted 
for upon the days when most was collected the dressings were slightly 
stained with bile. On the days omitted from the above table the 
estimations were obviously untrustworthy from loss into the dressings. 

This estimate, even taking the maximum, is considerably below that 
given by Ranke’ (652c.c. for a 47 kilo man)—here however the bile 
was mixed with sputum—or that calculated by V. Wittich (532'8 cc.) 
from the amount collected during two periods of four and ten hours 
respectively (in four hours 88 c.c., in ten hours 224 c.c.). 

Although we cannot accept 13 or even 16 ozs. as the normal amount 
secreted by man, owing to the prolonged illness of the patient, yet we 
think our estimate more valuable than those above quoted, since it is 
free from the obvious source of error of the one and is more extended 
than the other. Further, it nearly accords with a case somewhat 
similar to Ranke’s recorded by Monro’, in which an abscess of the liver 
caused a communication between the gall-bladder and bronchi. The 
whole of the bile was expectorated, the feeces being uncoloured, and the 
amount was found to vary from 10 to 15 ounces in the twenty-four hours. 

No difference in rapidity of secretion could be detected at any time 
and no increase was noticed after the small meals the patient partook 
of; the amount produced at night time was the same as that secreted _ 
during an equal period in the day. As this confirms v, Wittich’s® 


* loc, cit. 9 Cycl. Anat. and Physiol. Vol. rm. p. 180, 
Pfliger’s Archiv, vir, 8, 181,. 
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observation we feel inclined to suggest that the difference in the amount 
of bile secreted at different times is not very great except in the case 
of large meals or prolonged fasts; and this opinion is not shaken by 
the fact that nearly every hour from two to sixteen has been named by 
different authors as the lapse of time after food at which maximal 
secretion occurs. At least it would appear probable from the absence of 
any marked rise or fall in the present case, in which the meals were 
moderate and frequent, that the variations observed in animals after 
full but rare meals may be sufficiently accounted for (since there is no 
direct evidence of nervous influence) by the necessarily great increase in 
the amount of blood going to the liver during the digestive turgescence 
of the stomach, pancreas, and small intestine. 


The Solid Constituents. 


The well-known fact that the bile obtained from a fistula contains — 
less solids than that found on first opening the gall-bladder of the 
same animal, would lead us to expect that the bile obtained from a 
fistula in man would have a less proportion of solid constituents than — 
that obtained post mortem; but we were hardly prepared for the very 
great difference found by Jacobsen (1:0105—1-0107) and ourselves 
between the specific gravity of fistula-bile and that commonly recorded of 
bladder-bile. We examined on two occasions (the second and the fifth 
of April, when large amounts were collected) the mixed bile secreted 
during 24 hours, and found that it varied from 1°008 to 1°0082 sp. gr. - 

The total solid residue was determined on five different occasions 
within a period of twelve days, about a fortnight before the death of the 
patient. During the period of observation he was supplied with a mixed 
diet and was taking a special preparation of ox-gall as a therapeutic 
agent. | 

The following table shows the amount of total solids on these days. 


No. Date. Total Solids, Remarks, 
1 March 30 1-416 °/, Mixed bile. 
2 April 2 1:346 ,, ‘i 
3 ne 1-328 ,, Secreted during fasting. 
4 Re 136 ,, Secreted during digestion. 
5 1:284 ,, Mixed bile. 
Mean 1:3468 °/, 
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The lowness of this proportion of solids will be made evident by the 
following table, which shows the mean = found by different 
observers under varying circumstances. 


Observer. | Mean ®/, Solids. Origin of Bile. 

Ourselves 13468 °/, | Biliary fistula. 
Jacobsen’ 2:26 ,, | Biliary fistula. 
Ranke* 316 ,, fistula (ecchinococcus). 

‘ : e collected post mortem ; death depend- 
Trifanovski* | 9021 ing on various diseases 
Gorup-Besanez* | 13:96 _,, 
Frerichs’ 1404 ”_|}Sadden death of healthy individuals. 


It would be inconsistent to draw any comparison between the two 
last of these numbers and the percentages found in fistula when the 
functions of the economy must be interfered with by previous pathologi- 
cal disturbance. The results of Trifanovski may however be taken as 
a standard of the composition of the bladder-bile of persons affected with 
mortal disease other than that of the liver; and with them we may 
fairly compare the results of the analyses of jistula-bile. 

It is obvious that diseased conditions of the economy which 
materially interfere with the functions of the alimentary system, and 
lessen the amount of blood flowing through it, must reduce the activity 
of the secretion of the liver, but this reduction of functional activity 
does not appear to account satisfactorily for the difference seen in the 
above table between fistula-bile (mean 2°25°/, solids) and bladder-bile 
(circa 11°5°/,). In fact the table shows that the bladder-bile of healthy 
individuals is only half as rich again in solids as that of persons who 
have died from disease, whereas the bile from the gall-bladder (even of 
the latter) contains fowr times as much solids as that obtained from 
a fistula. 

We are at a loss for an adequate explanation of this enormous and 
apparently constant difference in the amount of solid contents of bile 
removed from the gall-bladder and that obtained by a fistula. In our 
case it can hardly depend upon the cause usually assigned in the case 
of the lower animals by Schiff* and other observers, viz. the loss to 


1 loc. cit. 2 Loe. cit. _3 Pfliger’s Archiv, rx. 8, 492. 
45 Lehrb. d. Physiol. Chem., von Dr E, F. v. Gorup-Besanez, 3 Aufl, 8. 529. 
6 Pfliger’s Archiv. m1. 8. 598. 
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the system of bile salts which normally enter the intestine and are 
reabsorbed and resecreted, so as to give rise to a bile circulation, 
because during our analysis and for some time previously the patient 
was taking 30 grs. of concentrated ox-gall in the 24 hours, and the 
introduction of bile salts into the stomach of animals has been found by _ 
Rosencranz’, who fed dogs with bread soaked in bile, to cause an 
increase of the secretion, both of liquid and solids, equal to that. follow- 
ing injection into the duodenum, It could not well have depended 
altogether upon the diseased condition of the gland because the great 
bulk of the liver, though engorged, seemed healthy, the only obvious 
disease being two carcinomatous nodules the size of a filbert and a 
walnut respectively. These were quite isolated and did not implicate 
any important vessel. The microscope showed that the. hepatic 
capillary vessels near the diseased peritoneum were extraordinarily 
dilated, and the capsule and neighbouring connective tissue much 
hypertrophied ; but in the deeper parts of the organ the tissues were 
normal and the cells apparently healthy. 

The small proportion of water in bladder-bile might possibly be ex- 
plained by supposing that ordinarily much of the liquid is reabsorbed 
during its sojourn in the gall-bladder, although such a view as Hoppe- _ 
Seyler’ points out requires us to assume that the epithelium of the gall- 
bladder, like that of the intestine, has a special absorbent and selective 
property, for no such passage of fluid from the gall-bladder could take 
place by simple physical diffusion. Further, the continued and steady 
decrease in proportion of solids in the secretion obtained from temporary 
and permanent fistule, after the gall-bladder has been emptied, seems to 
indicate that this explanation is not adequate. Thus the percentage of 
solids of the freshly secreted bile of a temporary fistula examined by 
Bidder and Schmidt’ fell in two hours from 6'6°/, to 3°8°/, an 
experience which has been amply confirmed. | 

Another explanation is that the change in amount of general meta- 
bolism following the shock of operation or the lowering effect of disease 
may influence the secretion of the liver and reduce the amount of bile 
produced and the proportion of solids it contains. This may be the 
most operative factor in the case of man, but probably has less effect 
with animals such as dogs which eat and drink copiously after, and 
otherwise seem indifferent to, the operation. 

An item which appears to us important in explaining the change in in 


1 Wiirzburger Verhandl. N. F. xm. p. 218, 1879. 
2 Physiol, Chem. 310, 1878. Die Verdauungssdfte, &c. 
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the secretion as well as the occurrence of the marasmus, but which we 
cannot find mentioned in the works at our disposal, is that the bile being 
essential for the neutralization of gastric chyme in order to allow the 
pancreatic digestion to proceed, the absence of bile from the duodenum 
prevents, or greatly diminishes intestinal digestion, by allowing the acid 
gastric juice uncontrolled action on the pancreatic secretion. As a con- 
sequence of this some of the most essential food stuffs remain undigested 
and considerable impairment of nutrition naturally follows and still 
further reduces the metabolic activity of the economy, already depressed 
by the causes mentioned in the previous paragraph. In support of this 
we may mention that the patient’s feces contained 13°5°/, of fat. We 
also think it possible that some of the products of pancreatic digestion 
may have a genetic relationship to the more important constituents of 
the bile. This and other questions that have occurred to us, demand 
careful experimental investigation by methods which circumstances we 
are unable to control prevent us undertaking with the promptitude we 
desire, and must therefore be reserved for a future communication. 


Quantitative Composition of the Solids. 


Our determination was made in the main by the method described 
in the fourth edition of Hoppe Reyters Handbuch der chemischen 
Analyse. 

The mucin (with much colouring matter) was ecaitotiaial by adding 
excess of strong alcohol, collected on a weighed filter, washed first with 
alcohol and then with very dilute acetic acid, dried at 100°C, and 
weighed. 

: The bile salts were precipitated from their alcoholic solution by the 
addition of a large excess of ether, collected on a weighed filter and 
weighed after drying at 105°C. The taurocholate was estimated in the 
mixture by oxidation of its contained sulphur into sulphuric acid, and 
precipitation as BaSO, The glycocholate was then calculated by differ- 
ence. ' The fats, Dclatenis, &c. were extracted by ether from the dried 
residue of the bile and the etherial solution evaporated to dryness and 
the residue after heating to 100°C. weighed. The amount of the 
mixture of fats, cholesterin, lecithin, &. was too small to allow of any 
detailed analysis being made. 
The inorganic constituents were determined in the residue after the 
organic matter had been decomposed by gentle ignition; the carbon- 
aveous residue was extracted with successive quantities of boiling water 
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and afterwards with dilute hydrochloric acid. By employing only a 
moderate temperature for a short time, loss of the alkaline chlorides by 
volatilization was to a great extent avoided. 

The following table gives the percentage composition of the nips 
of bile containing 1:284 °/, of total solids. 


Mucin and colouring matter 148 °, 
Sodium glycocholate “160. 
Sodium taurocholate 055 ,, 
Fats, cholesterin and lecithin ,, 
Sodium chloride (and some KCl) ‘7168 ,, 
Calcium carbonate 
Calcium phosphate (Ca (PO,),) 003 
Sodium sulphate (Na,SO,) 045 ,, 
Sodium phosphate (Na, PO,) 7 015 ,, 
Sodium carbonate (Na,CO,) ‘051 ,, 
Soluble extractives, not estimated __ 0372 ,, 
Water (by difference) | 98°716 ,, 
100-0000 


This determination shows a general resemblance to that made by 
O. Jacobsen’ from bile similarly obtained. Our percentage of bile salts — 
however is less than his and we find about the usual relative proportion 
of taurocholic acid, while the analysis of Jacobsen is singularised by its 
complete absence. The amount of NaCl is very great compared with 
the other solid constituents, and about equals the percentage commonly 
found in bladder-bile after death. We were unable to find any traces 
of palmitate, stearate, or oleate of soda. 

With regard to the point raised by Hammarsten’ as to whether 
the glycocholic acid of human bile has the same properties as that of 
ox-gall, we found as he did, that on adding BaCl, to the solution of 
the bile-salts a slight precipitate came down which disappeared on 
boiling and re-occurred when the fluid cooled. This precipitate did not 
show any rosettes of crystals as mentioned by Hammarsten, and only 
appeared when considerable excess of the barium salt was added. No 
such insoluble barium glycocholate was obtained from ox-gall treated in 
exactly the same manner. If the salt. which appeared soluble in hot 
but insoluble in cold water were really barium glycocholate, only a 
comparatively small proportion of the glycocholic acid present was 


1 loc. cit. 2 Jahrb. d. Thierchemie, yuu. p. 268, 1878. 
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used in its formation, for a great deal of it was found to be in solution 
when it was quite cool and all the insoluble salt had separated out. 

We were unable to obtain sufficient of this insoluble compound to 
make an ultimate analysis or even determine whether it was glycocho- 
late. The idea struck us that the insoluble salt might be due to 
dehydration of cholalic acid by the warmth used during the evaporation 
with alcohol, with the formation of some dyslysin (choloidic acid), but 
we found the choloidate made from so-called choloidic acid in our 
possession to be insoluble in hot as well as cold water. 

Even with our aseptically obtained bile we found considerable 
amylolytic action in the glycerine extract of the alcoholic precipitate, so 
that we conclude with v. Wittich’* that there is normally in bile, even 
where the amount of mucus is minimal and not decomposing, some body 
with the property of a hydrolytic ferment. 

We attempted to make a rough comparative estimate of the amylolytic 
efficacy of the bile by treating some ordinary mouth secretion and nasal 
mucus much diluted, in the same manner, and putting the three fluids 
into competition under exactly similar circumstances of temperature, &c., 
with a perfectly pure paste made from prepared rice starch. | 

The following table gives the approximate time required for the 
action of each :— | 


Extract of Saliva. | Nasal secretion. Extract of Bile. 


of traces}; mts. hours L hr. 45! 
Abundant sugar 30 ,, 12 hours 5 hours 
Starch after 24 hrs. traces abundant abundant 


From this it would appear that the fermentive power of fresh bile is 
but little greater than that of ordinary nasal mucus and is incomparably 
below: that of the mixed mouth secretion. 


1 loc. cit. 
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ON THE PHYSIOLOGICAL ACTION OF THE SALTS 
OF POTASSIUM RUBIDIUM AND CAESIUM. By 
JAMES BLAKE, MD, FRCS. 


In the last No. of this Journal is a paper by Dr Ringer on the 
action of rubidium and caesium salts compared with the action of 
potassium salts on the ventricle of the frog’s heart. : 

Dr Ringer begins his paper by an assertion which unfortunately he 
is far from justified in making. He states “It is generally held that 

chemical similarity indicates similarity in physiological and therapeutic 
action”. This is a thesis I have been endeavouring to prove during the 
last forty-five years, but with what success is shown by the fact that 
within the last two years the views I have brought forward have 
been consigned to the bagages du passé by a French*pharmaceutist 
M. Rabuteau, and an attempt has been made to disprove them by 
-M. Richet in a most unscientifically designed set of experiments on 
fishes. The facts contained in Dr Ringer’s paper are undoubtedly of 
interest, but when it is supposed that the effects produced by pumping 
a saline solution through a dead frog’s heart, can be used to determine 
the general physiological action of a substance and set aside the results 
obtained by the introduction of the substance into the veins and 
arteries of a living warm-blooded animal, it certainly seems to me that 
such an assumption is far from being justified, and in fact could hardly 
have originated except under the pressure of an anti-vivisection act. 
Before going further however, it will save perhaps useless discussion to 
define what we understand by the term physiological action of a 
substance. In my experiments I have always investigated the physio- 
logical action of a substance by introducing it directly into the veins or 
arteries of a living animal. It is thus with the smallest disturbance 
possible to the normal condition of the animal, brought into direct 
contact with the tissues whose reactions we wish to investigate, 
Its subcutaneous injection or introduction into the stomach gives rise to 
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complications which are better avoided, and if the term physiological 
action is made to include the reactions of a substance when brought 
into contact with fluids and solids that no longer form an integral part 
of a living animal, the scientific investigation of these reactions will be 
rendered much more complicated. We might as well expect to arrive 
at a knowledge of the chemical properties of common salt by in- 
vestigating the reactions of chlorine and of sodium, as to ascertain 
the physiological reactions of a substance by its action on isolated 
organs of a dead animal. It is probable that the recently excised heart 
of a frog fed with blood solution offers the nearest approach to a living 
organ that can be found, and yet as I shall now show it has led - 
Dr Ringer completely astray in investigating the physiological 
reactions of the substances he has experimented with. Without enter- 
ing into any details of my experiments, it will be sufficient to arrange 
in a tabular form the principal physiological reactions that follow the 
introduction into the veins or arteries of the salts of potassium 
rubidium and caesium. 


Pulmo 8 iration | 
|Action on heart.| ™mmonary | Bysteni Blood. 


Potassium | Destroy its |Not affected) Arrested | By increased Coagulability 
increased 


irritability arterial pressure 


Rubidium | Increase its | Arrested | Facilitated| By venous | Coagulability 
diminished 


irritability pressure 


Cesium Increase its | Arrested | Facilitated; By venous | Coagulability 
liminished 


irritability pressure 


It would be difficult to find two substances whose physiological 
action presents greater differences than the salts of potassium and 
rubidium, and yet Dr Ringer by the aid of saline solution and 
the excised frog’s heart, arrives at the conclusion rubidium is almost 
identical in tts physiological action with potassium. As regards caesium 
Dr Ringer’s experiments have again led him astray as the salts of 
this metal are almost identical with those of rubidium in their physio- 
logical action’. Both rubidium and caesium agree with the other 


1 When injected into the arteries, the caesium salts cause a sort of cataleptic state of 
the voluntary muscles and a curious showing of the reflexes, two or three seconds, for 
instance, elapsing between irritating the cornea and the closure of the lids. This has not 
been observed in any other of the monovalent metals. 
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metals of the soda group in their physiological reactions, whilst potas- 
sium, as I pointed out more than forty years ago, forms the single 
exception to the law of the analogous action of isomorphous substances, 
as it presents marked differences in its physiological action with the 
other members of the same group. Any further comment on the 
above facts is useless, as they plainly show how imperfect a reagent is 
_ the excised heart of a frog for ia the general physiological 
action on a substance, 
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A METHOD OF RECORDING CHANGES OF VOLUME 
BY MEANS OF PHOTOGRAPHY AND ITS APPLI- 
CATION TO THE PLETHYSMOGRAPHIC RECORD 
OF THE NORMAL FROG-HEART. By E. A. SCHAFER, 
F.R.S. Plate IV. 


Ir an organ of varying dimensions is enclosed in a glass chamber of 
suitable form, connected with which is a horizontal glass tube, and the 
chamber and part of the tube are filled with liquid, any change of 
volume which the suspended organ may undergo will be indicated by a 
movement of the liquid in the tube, and, the calibre of the tube ged 
known, the movement will show the exact amount of such change’. 
the column of liquid be projected in a dark room upon a si ey 
surface which is moved regularly by means of clockwork, the movements 
of the end of the column will, after the photograph has been developed, 
appear in the form of a curve or curves comparable to those which are 
obtained by the aid of other apparatus which have been devised to 
register rectilinear movements upon a regularly moving surface, but in 
this case free from the possibility of instrumental error. Tracings thus 
obtained must therefore prove of especial value for controlling the 
results obtained by instrumental methods. 

The exact mode of procedure which I have employed is as follows :-— 
A glass tube of a uniform calibre (from 3 mm. to 4mm. isa convenient size 
for the frog-heart) and some 15 or 20 centimetres long, provided with a 
stop-cock, is fixed just behind a narrow slit in the wall of a dark room, 
and a screen with‘another slit is placed on the other side of the tube, 
the purpose of this arrangement being to allow only those rays of light 
which traverse the lumen of the tube to pass to the sensitized surface’. 
The light of the sun reflected by a heliostat, or that of an oxycalcium 
lamp, is admitted from without through the first slit and allowed to 


1 See Mosso et Pagliana, Kinde critique et expérimentale sur la doctrine de l’activité 
diastolique du coeur, 1877. 

2 Tn practice it is found convenient to slip the glass tube into a brass one, into the 
opposite sides of which narrow slits have been cut; the adjustment of the slits is ian, 
easily effected by rotating the brass tube. : 
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pass through the tube in such a manner that those rays which traverse — 
the liquid column pass freely through the second slit, while those which 
enter the part of the tube which is occupied by air are largely cut off 
by internal reflection. While therefore the part occupied by fluid is 
projected as a bright line, that occupied by air is projected as a shadow 
upon a ground-glass plate held behind the second slit, the shadow being 
darkest just at the line of junction of the air and liquid. If now a 
horizontal cylinder, covered with highly sensitive paper’, and made to 
revolve by means of clockwork, is substituted for the ground-glass 
plate, the paper will be acted upon only where the light falls upon it, 
i.e, only opposite the liquid column. Any movement of this liquid will 
be marked upon the paper after development by a curved margin being 
imparted to the dark band which the streak of light which traverses | 
the liquid apuseiad upon the moving sensitized paper. 


A pplication of the above method to the separated fed iin Soart 


To record the changes of volume of the separated frog-heart, or 
rather frog-ventricle, the horizontal photographic tube is connected by a 
piece of indiarubber tubing with a small chamber (a short thistle funnel 
answers every purpose) which can be closed by an indiarubber cork or 
glass stopper. Through this cork passes a perfusion-cannula, to which 
the ventricle is attached, and by means of which blood or other nutritive 
fluid is passed into the ventricle. The connecting tube and the lower 
third of the chamber are filled with water and the rest of the chamber 
with olive oil, and the cork is tightly inserted with the ventricle de- 
pending into the oil in the chamber. Every contraction of the ventricle 
is accompanied by a sucking back towards the chamber of the fluid in 
the horizontal tube, while during diastole the movement is in the 
opposite direction. These movements are photographed upon the 
revolving sensitized surface, and the resulting curve shows with exact- 
ness not only the general characters of the heart beat and ‘the time 
relations of its several parts (the rate of motion of the sensitized 


1 A paper very suitable for this purpose is the argento-bromide paper sold by the Pho- 
tographic Artists’ Cooperative Supply Association, Charterhouse Square. A strip of 
appropriate length having been cut, is damped and placed on the cylinder with the sen- 
sitized surface outwards. After exposure it is developed by being laid for a few minutes in 
a mixture of 3 parts (by volume) of a saturated solution of potassic oxalate with 1 part of 
a saturated solution of ferrous sulphate. When fully developed it is washed, fixed in 
hyposulphite of soda solution (4 ounces to 1 pint), again well washed, and then allowed 
to dry. 
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_ surface being accurately known), but also the amount of blood ejected 
from the ventricle with each systole (the calibre of the tube being 
known). A curve obtained by this method from the normal frog-heart 
fed with ox-blood is reproduced in Plate IV. figs. 1 and 2. The curves 
in fig. 2 are spontaneous contractions: those in fig. 1 are the result of 
a single excitation. Both curves are to be read from left to right. 


Application of the method to the normal heart in situ. 


In order to obtain a photographic record of the changes of volume 
of the frog’s heart whilst still in situ aud fed with its own blood, I have 
_ substituted for the cork and perfusion-cannula a glass plate with a 
small hole ground in it, and have cemented this plate to the chamber in 
_ which the heart is to be suspended. To prevent abrasion the edges of 
the hole are rendered smooth by sealing wax. The chamber is filled to 
overflowing with olive oil. | 

The frog having been immobilized by destruction of the brain or 
otherwise a small aperture is made in the chest wall over the ventricle 
through the integument and xiphoid cartilage. The pericardium is 
then opened and the ventricle allowed to project through the aperture. 
The frog is now placed prone upon the glass plate and the ventricle is 
passed through the hole in the plate and pulsates in the oil. The 
chamber is kept air-tight by the contact of the body of the frog with 
the glass plate, assisted by the excess of oil; and the changes of volume 
of the suspended ventricle make themselves felt chiefly upon the 
column of fluid in the horizontal tube, the movements of the end of 
this column being then photographed in the manner above described. 

A tracing from the normal — in situ is shown in Plate 
IV., fig. 3. 
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THE PISTON RECORDER; AN APPARATUS FOR RE- 


CORDING AND MEASURING THE CHANGES OF 
VOLUME OF THE CONTRACTING ee HEART. 
By E. A. SCHAFER, F.RS. Pi. sin 


_. THE apparatus here to be described is intended to afford a simple 
and ready means of recording the changes of volume of the “fed” 
ventricle-preparation. 

The instrument. (Plate IV. fig. 4) consists of a horizontal tube of 
glass of even bore, (a) connected through a stop-cock (b) with a small 
reservoir (c) in which the heart is suspended. The reservoir and part 
of the tube are filled with oil and a small piston (d), constructed for the — 
sake of lightness of aluminium, works, not too tightly, in the tube. 
The piston-rod is a fine steel wire which is guided through a triangular 
hole in the brass cap which fits over the open end of the tube and the 
rod carries at its extremity a small wire style (e) placed at right angles 
to it and leaning against a blackened cylinder upon which it writes the 
movements of the piston. The reservoir is fitted with a hollow stopper 
through which passes a perfusion-cannula (f) as in Roy's apparatus, by 
means of which the heart is fed with blood or other fluid. On the side 
of the reservoir opposite to the piston-tube another horizontal tube (q) 
also provided with a stop-cock projects for a few inches. This serves to 
allow the heart to work when the stop-cock of the piston-tube is shut 
off and by it also the apparatus can be fixed to a stand (h). When the 
piston is recording, this safety tube is closed by turning its stop-cock, 
and every change of volume in the heart which is suspended in the 
reservoir must be communicated to the piston. The piston is made to 
work easily in the tube, but not so easily as to allow the oil to leak past 
it. To diminish the adhesion between the piston and the tube, the 
former is constructed with a thin flange at one part; this is a shade 
larger in diameter than the rest of the piston so that contact between 


the metal and glass can only occur here instead of along the whole 
thickness of the niston. | 
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It is clear that the excursion of the pistqn will give the exact 
change of volume of the contracting ventricle provided the calibre of 
the tube be known. It is also clear that the excursion of the piston 
and amplitude of the curve can be increased or diminished by diminishing 
or increasing the calibre of the tube. I have tried tubes of various size 
and have come to the conclusion that a tube of about 3.5 millimetres bore 
is on the whole the most convenient, the amplitude thereby obtained, 
with a moderate intra-ventricular pressure, being ev sufficient 
for studying all the details of the curve. 

An important feature of this method of reeling’ the changes of 
volume is that the tracing is in no way distorted by the curved 
excursion of the end of a lever. This is a distinct advantage, especially - 
when, as is frequently the case, the relative duration of the parts of the 
beat, as well as the rate and excursion, are required. 

Although the method is not theoretically so perfect as that described 
in the preceding paper, it is nevertheless of greater practical utility, the 
difficulty and expense of a photographic record being necessarily a bar 
to its employment in an extended series of observations. 

The apparatus is shown in actual use in Plate IV. fig. 5. Fig. 6 
shows a tracing obtained by it. This tracing is taken on a somewhat 
slower rate than those shown in figs, 1 and 2. 
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ON THE PHYSIOLOGICAL. EFFECTS OF LIGHT WHICH 
ENTERS THE EYE THROUGH THE SCLEROTIC 
COAT. By HENRY SEWALL, Ph.D., Professor of Physio- 


logy in the University of Michigan. (From the Physiological 
Laboratory at Ann Arbor, U.S.A.). 


IF any one looks at the page of a book or at a piece of plain white 
paper which is illuminated only by the light of an ordinary reading 
lamp placed on one side, an interesting series of colour phenomena may 
be. demonstrated without the aid of any objective colour. When the 
light is.on the right side and the partly separated fingers on the left 
hand are placed over the face so that different portions of the paper 
surface are seen. by each eye, any one may observe that the sheet appears 
to have a greenish tint where seen by the right eye, while the colour 
approaches a more or less decided red or orange in those parts of the 
surface whose light enters the left eye only. It is easy-to place the 
fingers so that only narrow streaks of the white paper can be seen by 
the right eye while the light from the rest of the surface all enters the 
left eye. In this case the visual ground is coloured red with green 
bands distributed through it. 

Persons whose colour perceptions are obtuse have at first difficulty 
in recognizing these phenomena, but to those who are practised in the 
use of their sensations, the colours described appear, under certain 
conditions, with such intensity as to be properly called brilliant. 

When the lamp is changed from the right to the left side the colours 
are reversed; the paper in this case appears green to the left eye and 
pale red to the right. The demonstration may be made very effective 
if a pair of rectangular openings, about 4 x 10 mm. in extent, be cut in a 
piece of black card-board and separated by a distance about equal to 
that between the pupils. When a white surface is regarded through 
the perforations in the card-board, four images of the two holes are seen; 
the inner right and outer left-hand figures are impressions derived from 
the right eye while the inner left and outer right-hand rectangles belong 
to the left eye. Provided the source of illumination is on the right side 
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the former pair of images is-green in colour while the latter is pale red. 
By changing the light to the other side the colours are reversed, _ 

The same facts may readily be demonstrated by holding an ordinary 
visiting card between the eyes so that but half of the page looked at can 
be seen by each organ; that part toward the source of light appears 
green and the other red. 

Quite the same contrasting colour sensations may be produced by 
the use of ordinary sunlight whenever it falls directly upon the side of 
the head; a white surface appears greenish to the illuminated eye and 
pale red to the other. 

These colour sensations depend upon the passage of light through 
the sclerotic and choroid coats of the eye upon which it is incident. The 
colours are weakened by light entering the pupil directly from the 
illuminating source while they are greatly strengthened when it is 
concentrated by means of a lens upon the sclerotic coat of one eye. 

It was not until these facts became clear that I found an allusion to, 
and a short discussion of the subject by Helmholtz’. Smith® of 
Fochabers seems to have been the first to have mentioned the pheno- - 
mena, but it was left for Briicke® to investigate the subject thoroughly ; 
and in his remarkable article upon simultaneous colour contrasts this 
author proposed an explanation which readily accounts for all the facts 
that have been observed. Briicke first proved definitely that the colour 
sensations under discussion are due to light transmitted through the 
sclerotic and choroid coats of the eye and not to that which enters the 
pupil. The light which has passed through the semi-opaque walls of 
the eyeball can no longer form definite images but is tolerably equally 
diffused over the retinal surface; moreover, having penetrated mem- 
branes richly supplied with blood the light is no longer white but red or 
rosy in tint. This red light stimulates and fatigues the “red elements” (or 
“red substance”) of the retina, so that when the image of a white object 
is thrown upon the background of the eye, it excites with preponderance 
the resting “ green elements” of the retina and appears green, according 
to the familiar law of simultaneous contact. To the eye which is not 
illuminated by oblique light the white surface takes on a tint comple- 
mentary to the green as a result of subjective contrast. | 

So far as I can find, this subject seems not to have attracted the 
slightest investigation since the early work of Briicke, a fact sufficiently 


1 Optique Physiol. Fr. Ed. p. 3 Bd. xxvu. p. 494. 
3 Pogg. Ann. Bd. uxxxtv. p, 418. 
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remarkable when the universality and striking character of the pheno- 
mena are considered. 

When an observer beholds the solisice contrasts clearly brought out 
by the light which is transmitted through the sclerotic coat of the eye 
from a single candle, the conviction is immediate that the eyeballs are 
translucent in some degree to even the feeblest light falling upon them. 
Such being the case, it 1s interesting to inquire what may be the physio- 


logical effects of light entering the eye by ways other than the pupillary 


openings. 

In the eye upon which the bhabdeee light falls atieeds the green 
retinal elements are aroused or made more sensitive to objective 
irritation, while the red elements have their excitability depressed. We 
should therefore expect that objective greens and colours near the 
spectral green should appear brighter and more saturated when looked 
at with that eye, while the red and orange tints should lose in brightness 
and purity. | 

In the eye not illuminated by side light, in which by subjective 
contrast the red elements are rendered most irritable, we should expect 
to find objective colours to be freshened or depressed in an inverse 
manner, A single experiment substantiated these expectations. Pieces 
of coloured card-board were put into an ordinary stereoscope whose glasses 
were removed and replaced by a pair of black card-board tubes of such — 
diameter as to fit closely over the inner sides of the eyeballs; the tubes 
were mounted in a frame to whose sides were tacked strips of similar 
paper which passed back over the temples and served as side blinds. _ 

When the coloured cards were looked at in this apparatus the right 
and left halves were seen by the corresponding eyes alone. Sitting with 
one side turned toward a window the light could be made to fall 
directly upon one eye by removing the card-blind upon that side. The 
following simple table expresses the results of one such experiment. 


. Colour as seen by the 
Colour. 


illuminated eye. non-illuminated eye. 
Bright orange-yellow | Dull greenish-yellow Deep pure orange-yellow — 
Bright red | Dull, feeble, darker red | Bright saturated red 
Bright green Bright saturated green | Dull yellowish-green 
Pale blue | Whitish blue Dull purplish blue | 


Lilac Pale violet-blue Violet 
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_ On a clear night the stars and planets may be made to take on a 
faint colour when an artificial light is held by the side of the head. 
When I look at a star while holding a light in the right hand and pass 
an opaque card alternately before the two eyes, the star appears greenish 
to the right but yellowish or orange to the left eye. It is possible that 
the discrepancies in the description of the colours of stars by different 
astronomers, so fully recorded by Mr C.S. Peirce’, are in part due to 
the influence of this unnoticed factor of artificial illumination. 

Every one who has experimented with colours has remarked the 
rapid and progressive diminution of their brilliancy when regarded | 
continuously for even a few seconds at a time. The delight bestowed 
by a simple spectral colour is the most evanescent of pleasures; the 
sense begins to weary from the moment of its excitement and gradually 
induces positive discontent and depression. In view of this fact it is 
remarkable that the green foliage of nature never loses its power of 
refreshing the observer but awakens rather increased satisfaction the 
longer it is gazed upon. It seems not an undue straining of the facts 
that have already been mentioned to presume that the exhilarating effect 
of objective greens is partly if not solely due to the light which is coloured 
red by penetrating the side walls of the eyes, and which by gently stimu- 
lating the red elements of the retina, keeps up a constant background 
of contrast for the green light which enters the pupils, thus insuring its 
continual freshness. In this sense the indirect light may be said to 
keep the retina in tone for those colours with which nature commonly 
presents us. On a bright day in May I stood looking out of a window 
upon a grass-covered field. The herbage was brilliantly green in 
hue with a decided tinge of yellow and aroused in the beholder an 
indescribable sense of well-being. A common pasteboard mask or 
“ false-face ” such as children use in play, but blackened inside and with 
the eye-holes reduced nearly to the size of the pupils, was now placed 
over the face so that scarcely any light could enter the eye except 
through the pupils. The landscape appeared very different under 
these conditions. The green tint of the grass lost in brilliancy and 


_ gradually faded ; the yellow sensation became stronger, and the general 


impression produced was that of a field parched by intense heat ; a group 


of deeply green cedar trees seemed to have a rusty hue and the agree- 


able psychical condition gave way to a sense of depression. 
It would possibly be profitable to notice whether some cases of 


1 Photometric Researches, Leipzig, 1875, p. 6. 
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colour-blindness are not due in part to unusual transparency of the 
sclerotic and choroid coats of the eye; if such be’ the case we should 
expect to find colour-blind railway employés very differently sensitive 
by day and by night to the two classes of signals used. 

On first consideration it would appear that light which enters the 
eye through its semi-opaque coats should occasion a great. optical defect 
in blurring images formed upon the retina and thus diminishing the 
distinctness of vision. But it must be remembered, as pointed out by 
Briicke, that light which has thus indirectly entered the eye can no 
longer itself form images, but is probably evenly diffused over the retina, 
in which case there is no reason to believe that it has any influence in 
diminishing the sharpness of the impression derived from a retinal 
image. On the contrary, from the following considerations, I was led to 
suspect that the sclerotic light not only does not diminish but decidedly 
increases the acuteness of vision ; and this hypothesis has been supported 
by the results of all the experimental tests to which it has been 
submitted. 

In his work upon the structure of ciliated epithelium cells, Engel- 
mann’ declares that by the aid of green light, produced by introducing a 
piece of green glass between the object viewed and the mirror of the micro- 
scope, he was enabled to make out details of structure which were 
imperceptible by ordinary light. Green light “ gewiihrt im Allgemeinen 
merklich schirfere Bilder, gestattet femere Unterschiede wahrzunehmen, 
und ermiidet auch das Auge weniger als Beobachtung im weissen Licht 
..-Blaues Licht...ist weniger zu empfehlen als griines, obschon es, bei 
geniigender Intensitat doch immer noch merklich schirfere Beobach- 
tung gestattet als weisses. Rothes Licht ist ganz verwerflich. Es 
verschlechtert die Bilder ganz bedeutend...Die Erklirung dieser prak- 
tisch hochwichtigen Thatsachen liegt wesentlich in den Ergebnissen der 


_ Untersuchungen von Lamansky iiber die Grenzen der Empfindlichkeit 


des Auges fiir Spektralfarben, Arch. f Ophthalm. xvi1. p. 123, 1871.” | 

The principal outcome of Lamansky’s* work is the conclusion that 
the sensitiveness of the eye for spectral green, yellow and blue is greater, 
and for violet, orange and red less than for white light. 

These facts would seem to indicate that it is the substance of the 
retina sensitive to green light that is specially differentiated to give 
visual impressions their distinctness. It follows naturally that any 
influence which exalts the. irritability of the green visual substance 

1 Pfliiger’s Archiv, Bd. xxi. 1880, p, 507. 
2 Pogg. Ann. Bd. cuxm1. 1871, p. 638. 
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should raise the acuteness of vision above the normal; and we have 
already seen that light penetrating the side walls of the eyes may be 
regarded as having this effect of stimulating the green retinal element — 
to an excessive and continuous irritability. Whatever the value of these 
theoretical considerations, experiment shows that acuteness of vision is 
decidedly greater when light is allowed to impinge upon the side of the 
eyes than when it is permitted to enter the pupils only. 

The first method employed for measuring the acuteness of vision 
was the familiar one in which is determined the distance from the eye 
at which parallel lines drawn close together upon card-board can just be 
recognized as separate when the card is moved toward or from the 
observer on a graduated rod. In these experiments sometimes two 
parallel circles were used, sometimes a series of straight lines; but the 
most trustworthy results were obtained with but a single pair of parallel 
straight lines drawn at various distances apart. 

I have not seen it elsewhere recorded that the well-known wavy 
appearance which parallel lines assume when viewed at a little distance 
is peculiarly exaggerated when but three lines are employed; in this 
case the middle line becomes remarkably contorted and appears doubled 
while the outer ones remain relatively straight. 

Either of the simple arrangements previously described, but usually 
the mask, was used in shutting off the side light. The observer having 
his head fixed by a support, is seated by a window whose light falls upon 
the side of one eye and is also reflected to the other by a mirror. A 
series of observations is now taken upon cards ruled with lines at various 
distances apart, the cards being gradually moved either to or from the 
observer. Then the proceeding is repeated with the side light cut off 
by means of the mask.. 

It occurred almost invariably that the lines could be distinguished 
as separate at a greater distance when, moved: from than toward the 
observer. From 30 to 45 seconds’ rest. with closed eyes were allowed 
between the succeeding observations. The experiments were carried 
out with the assistance of six students, none of whom were acquainted 


_ with the hypothesis to be tested. In the following table are collected 


some of the results of a single experiment, the observer being a student. 

Each number in the table refers to the lettered card on the same 

horizontal line. | | 
The observations were made in the order in which they are recorded. 
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Inches on Scale. 

Name of Card Card moved Mean distance in inches 
with without toward from on Scale : 
mask. mask, | Observer. Observer. with ma without mask. 

a 17:7 18°3 

b 21°8 71 21°6 

c me 28°3 32 

d 9 6°8 
a 16°7 
b 15 
c 31°4 
d 
a 20 
b 
c 32°7 
d 
a 
b 21°4 
c 28-2 
d 9-4 


All experimenters who have studied the conditions which affect the 
acuteness of vision agree in the statement that fine lines are more readily 
distinguished as the intensity of illumination of the surface upon which 
they are drawn is increased. 

In order to observe the lines under constant illumination a simple 
method was devised for varying the distance between them without 
other movement. Two circular disks of wood, about three inches in 
diameter, were provided each with an axis of brass fastened immovably 
in the centre and projecting from one face. The axis of one disk ran — 
through the centre of that of the other and reached beyond it; The two 
disks were thus brought together, and either could be held immovably 
by a clamp upon its axis while the other was left free to revolve. The 
front disk, that opposite to the projecting axes, was covered by a circle 
of white paper through the centre of which a sharp black line was 
drawn. Ona hook reaching forward from the rim of the back disk a 
black horse-hair was suspended, and weighted so that it hung like a 
plumb-line directly in front of and uearly touching the ink-line drawn 
upon the paper covering the front disk. It is clear that when the back 
disk, that supporting the horse-hair, is clamped and the front one slightly 
turned round its axis, the two lines may be made to intersect at any 
desired angle at their middle point. While if the position of the clamp 
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be changed so that the back disk only i is | free to move, the two lines 
gradually separate as it is rotated but remain always parallel. | 

A small mirror fastened to the periphery of each disk reflected a 
beam of light upon a graduated scale placed at a distance of several feet ; 
by this means movements of either disk through very small angles could 
be made apparent. When the observer was seated as previously described 
and opposite this little apparatus all experiments were accordant in their 
results; and may be summed up in the conclusion that smaller angles 
can be ‘perceived. and parallel lines distingwished when nearer together 
if light fall upon the eyes from the side than when such side light is 
excluded. 

It is a familiar fact that a piece of white paper on a coloured ground 
takes on the complementary tint of that ground; and it might be 
expected that lines should be more acutely perceived when the white 
surface upon which they lie is placed upon a background of red than 
when upon one of green. Tried upon myself, with side light excluded, 
this experiment gave perfectly definite results in favour of the theory ; 
parallel lines could be distinguished when their card was laid upon a red 
surface even at a greater distance than when no coloured background 


was used. It requires so much practice to properly fix the gaze, as is 


necessary in this experiment, that attempts to repeat it upon unskilled 
persons did not produce results of sufficient uniformity to be relied 
on. 

Professor Harrington, Director of the Astronomical Observatory 
at Ann Arbor, has called my attention to the interesting fact that the 
surface of the moon is seen much more distinctly and in detail when an 
artificial light, as of a lamp or a candle, is held by the side of the head. . 
On trying the experiment when looking at the moon with the naked eye 
the result is surprising, and no better demonstration of the beneficial 
effect of lateral light upon the acuteness of vision could be offered. 
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NOTE UPON ANTIPYRETIC STUDIES. Br H. ©. 
WOOD, MD. 


In a recent number of Pfliiger’s Archiv Dr Hermann Arntz 
affirms that my assertion before the International Congress in 1881— 
that the thecries then in vogue concerning the action of quinine upon 
the calorific functions—could have been based only on ignorance of the 
literature of the subject. An attempt to plummet the depths of my 
ignorance would probably interest no one, but it is a matter of importance 
that clear ideas should prevail in regard to what is needed to give us 
correct knowledge as to the action of pyretic and antipyretic remedies. 
It would seem very evident that the first studies should be directed 
towards investigating the action of such drugs upon the normal animal; — 
ie, to discover whether they affect the dissipation or production of 
heat, and, if so, whether such action is by an influence upon the nervous 
system or otherwise; and that, this having been settled, experiments 
should be made to determine the influence of the drugs upon the 
fevered state—the distinction between heat dissipation and heat 
production being always kept in view. I therefore desire to reaffirm 


that until we have more facts obtained by careful, calorimetric or 


chemical studies, all our theories concerning the action of drugs which 
lower temperature must remain mere speculations, guesses which may 
or may not be correct but which certainly are not proven to be true. 

_ However ingenious they may be, and however valuable they may 
hereafter become, the researches of Prof. Binz and of Naunyn and 
Quincke, upon the effect of quinine on the rise of the temperature 
which, in dogs placed in very hot boxes, sometimes occurs after section 
of the spinal cord, are not available until by simpler experiments the 
fundamental portions of the problems are solved; for their researches 
were directed not towards the effect of the drug upon calorification in 
the normal animal, but to its action upon a highly artificial fever 
induced by several simultaneously acting causes (including external 
heating of the body and traumatic palsy of the thermogenetic nerves): 
a fever, presumably as complex in its nature as in its etiology, and 
therefore, so far as concerns its relations with antipyretics, of extremely 
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difficult interpretation. Further, the researches just — to appear 


to be not altogether consonant in their results. 
Lewizky’s experiments were performed by wrapping the animal in 
thick wadding and thereby attempting to control the heat dissipation. 


_ The crudity of this method it is scarcely necessary to remark upon. There 


must be great difficulty in wrapping up the animal exactly alike each 
time. Then there is no provision for the loss of heat by respiration, and 
when the great thickness of the rabbit's fur is borne in mind, it seems 
very probable that the cooling of the rabbit’s body would scarcely be 
put an end to by wrapping it up. Moreover, it is well known that 


_ binding a rabbit down very sensibly affects its calorific functions, so that 


when the animal is not only bound but also swathed the conditions are 
highly unnatural, and a disturbing factor of unknown power is introduced 
into a problem which in its simplest form is one of the most difficult and 
recondite of physiology. 

The recent direct thermometric palais of Dr Arntz are of 
no more value than those of Lewizky, and what is still more strange 
the recorded results do not warrant the conclusions drawn from them 
by their performer. They were made upon men and animals. Those 
upon men were performed by wrapping the subject up and measuring 
the heat underneath the clothes: they were 4 in number, and as 
the mean temperature closely followed the maximum the results are 
embodied in the following table. | 


Experiment | pose | under bed-clothes ‘Rectal Temperature 
iene before. after. before. after. 
4 0:25 29-6 30 36-7 37:2 
5 0°75 30-2 30°35 36°7 37 
6 1 29°45 30 36-9 36-9 
7 30°75 36-4 36°9 
8 1-25 30°75 31-05 36-65 36-95 


This table represents all of the experiments made upon man; of it 
Dr Arntz says that only a single time had quinine an increasing 
influence upon the giving out of the animal heat. 

In the experiment in which quinine was not given the temperature 
under the clothes rose 0°35C.: a rise which it will be seen was 
exceeded or equalled after the exhibition of quinine in Experiments 
4, 6, 7. If Dr Arntz’s experiments upon men prove anything it is 
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that the action of quinine is uncertain and variable; the alkaloid 
sometimes increasing, sometimes diminishing the dissipation of animal 
heat; but when it is remembered that the question becomes one of 
hundredths of a degree, that a minute variation in the perfection of the 
wrapping up of the patient would materially affect the result, and that 
no account is made either of the loss of heat by variations of perspi- 
ration or of respiration, it is plain that if science is to be encumbered 
by such experiments as these, those endeavouring to reach firm ground 
will have to spend much of their time in climbing over and pushing 
aside obstacles erected by others. 

The first series of experiments made by Dr Arntz upon animals 
were similar to those of Lewizky, and are open to the same serious 
objections: in the second series of experiments the attempt was made 
to measure the effect upon heat dissipation of the respiratory exhala- 
tion by covering the rabbit’s head by a sort of hood or bag. It is clear 
that the unnatural conditions were not by this made more natural. 

Further these experiments do not bear out the theory that quinine 
has no effect upon heat dissipation. Thus in Experiment XIII, no 
quinine being used, the thermometer, underneath the covering, rose in 
one and a half hours 0°4C., whilst in Experiment XIV., quinine having 
been given, the temperature rose 7°6C. This immense difference is 


sufficient in itself to cast the gravest suspicion upon the method 


of experiment, especially when it is contrasted with the fact that with 
the same rabbit and about the same dose of quinine as in Experiment 
XIV. the temperature fell 0°4C. instead of rising at all. 

In conclusion it may be allowable to state that this article has been 
written not because I have any theory as to the action of quinine, but 
as a protest against all theories that are not proven. One of the 
greatest difficulties in the way of clear pharmacological ideas is the 
tendency on the part of the profession to adopt any ingenious speculation 
—as witness the great mass of nonsense that has been written and 
acted upon as to the effect of chlorate of potassium upon blood oxygen- 
ation, and of the bromides upon the arterioles of the nerve centres. 


Philadelphia, May, 1884. 
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ON THE TEMPERATURE SENSE. A CONTRIBUTION 

_ TO THE PHYSIOLOGY OF THE SKIN AS AN ORGAN 
OF SENSE. By S&S. POLLITZER, AM, MD. Plate V. 
Figs. 1 and 2. 


THE relative sensibility to heat of the skin in different parts of the 
body, has not yet been determined. Weber’ and Nothnagel* have 
investigated the subject; the former by touching the body in different 
parts with a key warmed by immersion in water, or with the rounded 
extremity of a test tube filled with a warm fluid: the latter by the aid 


of a partitioned box, the two halves of which were filled with fluids at 


different temperatures. 

It is obvious that in both of these methods, the results are vitiated 
by the complication of tactile impressions with the thermal, and by the 
liability to involve different areas of surface in the different experiments. 
Nothnagel’s experiments, moreover, show only the sensibility to varia- 
tions in temperature ; show, for instance, that on the forearm differences of — 
0°. 2 C. can be appreciated within certain limits, and on the palm differ- 
ences of 0°. 4 C., etc. But the sensibility of a part is determined by the 
intensity of the smallest stimulus required to evoke a sensation. That 
part is the most sensitive which can appreciate the smallest quantity of 
heat, and to determine the relative sensibility in different parts of the 
body, it is necessary to determine the smallest quantities of heat which 
the different parts can appreciate. For making such determinations, I 
have devised the following apparatus :— 

A light, but strong brass frame F, Pl. V. fig. 1, 21 cm. long, and 6 cm. in 
each of the other dimensions, supports a rack and pinion RP, the former 
of which moves in a vertical direction, and carries a metallic tube T 
which terminates below in a cylinder c, which differs from the “ Button” 
terminal of the Paquelin Cautery only in that the whole of its interior 
is lined with platinum. The frame F rests on a platform (only the 
upper surface of which appears in the figure), made of strata of mica, 
asbestos and wood, plane above, somewhat convex below, and perforated 


Iv. 273, 
* Deutsch. Archiv f, klin, Med. 11. 8, 284. 


PH. V, 10 


1 De pulsu, resorptione, auditu “ tactu, Lipsiae 1834, and maliex’ s Archiv, 1849, 
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by a circular opening 15 mm. in diameter. A coarse vertical adjustment 
is allowed to this platform and the frame which it carries by the cords 
attached above to the wheel and axle A. The whole rests finally on the 
large stand S, from under which currents of air are excluded by means of 
the cloth curtains Cu. 

The tube 7’ is continuous, within the cylinder c, with a smaller slat 
inum tube, and above with the flexible rubber tube Rt which leads into 
the vapour bottle B (half filled with benzol) from which a second rubber 
tube passes, terminating finally in the rubber bulb and regulator RB. 


The back of the rack R is graduated so as to show in millimeters the _ 


distance of the lower surface of the cylinder from the lower surface of 
the platform. 

By means of the rubber bulbs, vapour-laden air is driven into the 
_ cylinder, when by some kind of surface action between the platinum and 
the hydro-carbon—the nature of which is not understood—great heat is 
generated, and the platinum end of the cylinder may be maintained at 
_a bright red heat as long as the supply of vapour is continued. By forc- 
ing the air through the vapour bottle at a uniform rate, and having always 
the same area of surface of benzol exposed, the platinum cylinder will 
be kept at an approximately constant temperature. I have found it 


best to adjust the calibre of the tube so that an excess of vapour—more © 


than can be consumed in the combustion within the cylinder—is forced 
into the cylinder, and the temperature thus maintained at its maximum. 

The part of the skin, the sensitiveness of which is to be tested, 
is placed under the stand S, protected from accidental currents of air by 
the curtains, and the platform and frame are lowered till the bottom of 
the latter is almost in contact with the skin. The convexity of the 
lower surface of the platform allows this to be done in parts where the 
cutaneous surface is concave, as in the palm of the hand. The heated 
platinum surface is then adjusted by means of the fine motion of the 
rack and pinion to that point at which the smallest appreciable sensation 
of temperature is felt by the subject of the experiment, The distance 
of the source of heat from the part examined is read off on the scale at 
the back of the rack. The skin of another part is now taken, the platinum 
surface similarly adjusted and the distance observed. Now, the radiant 
energy at any distance from its source will be inversely proportioned to 
the square of the distance. If then the skin at the back of the hand 
can appreciate a thermal sensation when the source of heat is one cm. 
away, and the forearm when the source of heat is two cm. away, the 
quantities of heat received by those parts being inversely as the squares 
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of the distances (as 4 to 1), the forearm will appreciate a quantity of 
heat four times as small as that required to evoke a sensation in the 
hand, and will therefore be four times as sensitive. In this way, the 
relative sensibility to heat of the skin in various regions of the body has 
been inquired into. 

It will be observed that in these experiments: (1) The temperature of 


- the source of heat is practically constant. (2) The part examined and 


the heated surface itself are sheltered from accidental currents of air by 
the use of suitable screens. (3) The effects of convection currents of 
heated air are entirely eliminated by having the heated surface always 
vertical over the part examined. (4) The thermal sensations are un- 
complicated by any sensations of touch. (5) The parts of the skin 
examined are always of exactly the same extent of surface. 

In the following table, the results of these experiments are given. 
Six persons, all males, of different ages and occupations were experiment- 
ed on. The temperature of the room in which the experiments were 
conducted was in all cases about 70° F. The second columin of the Table 
shows the occupations of the individuals, the third their ages; the rest 
the distance in millimeters of the heated surface from the parts examined. 
The last line shows the mean of all the experiments. Determinations 
were made for (1) The middle of the back of the hand; (2) The middle 
of the palm of the hand; (3) The palmar surface of the third phalanx of 
the Index finger; (4) The middle of the anterior surface of the forearm 
midway between the elbow and the wrist; (5) The middle of the back 
over the 7th or 8th dorsal vertebra; (6) The middle of the posterior 
surface of the calf, midway between the knee and the ankle. 


TABLE I. 


Case. | Ocoupation. | Age. | Dors. Hand, | Palm. | Finger. Forearm.| Back. Calf, 


I. | Merchant | 26 45 55 | 25 90 |. 40 50 
II. | Professor | 48 84 75 | 48 75 35 65 
III. | Clerk 32 84 115 | 46 75 { 100 90 
IV. | Student 22 | 495 75 | 60 | 70 55 48 
V. | Bk. Keeper| 40 50 55| 45 | 50 
VI. | Merchant | 29 50 55 | 28 55 | 7O | 115 


| 60 | 72| 42 | 69 | 7 
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-. The quantity of heat received and therefore the relative sensibility of. 
the parts will be as. the squares of these figures, The first line of Table 
II. gives the means of the above observations ; the second their squares,— _ 
the relative sensibility; the third the sensitiveness referred to that of 
the he of the Index — as unity. 


TABLE II. 


Finger. |Dors. Hand.| Back. |.Forearm.| Palm, Calf. 


Means 42 |. 60 60 | 69 72. 4 


Relative Sensi- | | | 

rainatiy homenlt 1764 | 3600 | 3600 | 4761 | 5184 | 5476 
Do. referred to 
Indes Finger 100 | 204 | 204 | 270 | 294 | sid 


” the first line of Table III. shows again the relative sensibility of the 
different parts; the second line, the thickness in micromillimeters of the 
epidermis (stratum corneum and mucosum together), according to K611i- 
ker’; the last the relative power of localization, as measured by the ordinary 
aesthesiometer. (The skin’s sense of locality is frequently confounded with 
its sense of pressure. Determinations with the ordinary aesthesiometer’ 
which are regarded as showing the acuteness of the sense of touch, show 
only the accuracy of the sense of locality. The acuteness of the sense of 
pressure is measured by determining the smallest weight which can be 
appreciated in a given area of the skin. Data for conclusions from such 
experiments are insufficient. ‘The figures in the last line of Table IIT. 
are compiled from Miiller’s Physiology, quoted in Hammond’s Dis. 
Nerv. Syst., and Valentin in Todd’s Cyclopaedia.) 


TABLE III. 


Finger. |Dors.Hand.| Back, | Forearm. | Palm. Calf. 


100 | | | 870 | 


ickness of Epi- 
dermisinn 250 600: | 


Elem, Chittol. humatee, 
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The figurés under each column of Table I. will be seen to vary largely. 
The observations however were made very carefully, many being repeated : 
and in every case when the result departed much from the average, the 


_ observation was repeated at intervals of several days. Great care and 


considerable practice are required to enable the experimenter to avoid 


confounding the erratic subjective sensations which occur when the 
stimulus is small, with genuine objective sensations of temperature. 


Though absolute reliance cannot, of course, be placed on the result of 
observations on half-a-dozen individuals, the following conclusions aré 
I think warranted : 

1. The relative sensitiveness to heat in different parts of the boy 
is not the same in different individuals. | 

2. It differs much less in different parts of the same sadibtduals 
than the sensitiveness to pressure or power of localization, the greatest 
difference for heat being as 3 to 1; while for pressure it is at least as 5 
to 1, and for localization as 60 to 1. 

3. The parts in which the other cutaneous senses are most acute are 
not the same as those in which there is greatest sensitiveness to heat. 

4. Of the parts examined, the tip of the Index finger is the least 
sensitive ; in the other parts where the sense of locality is from 5 to 30 — 
times as dull, the thermal sense is two or three times as acute. : 

5. The thermal sensitiveness bears no cetntte relation to the thick: 
ness of the epidermis. _ 

The last statement would seem indeed superfluous. The 


of the epidermis depends on the amount of mechanical pressure, or 


exposure to which it is habitually subjected, and what relation this cause 
can bear to sensitiveness, a function of nerve tissue, is not clear. Yet 
the prevailing opinion, fortified by the statement of Weber’, is that 
the thermal sensitiveness depends on the thickness of the epidermis. 

And yet, it may be urged, when the hand is immersed in warm water, 


its dorsal surface feels the heat first, though according to the figures in 


Table IL, the palm is twice as sensitive as the back of the hand. True, © 
but the element of time has but little to do with the absolute sensitive-. 
ness of the skin. Its sensitiveness is inversely proportioned to the force 
of the smallest stimulus required to give rise to a sensation. It must be 
remembered that the sensitive tissue of the skin lies beneath a nerve-. 
less, non-vascular, non-conducting structure, the stratum corneum of the 
epidermis. To affect the sense organ, whatever it may be, the thermal 


1-Wagner’s Hand-Worterbuch der Physiol. mt. 2, 8. 552. 
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condition of the superjacent tissue must first be changed, and as this 
tissue varies in thickness in different parts of the body, the time 
required to produce a thermal sensation will vary, irrespective of the 
absolute sensibility of the part. The period of time that will elapse be- 
tween the beginning of a thermal action on the skin, and its perception 
in the brain as a sensation, will be made up of these elements: 
(1) The time required to produce the thermal change through the 
whole thickness of the non-sensitive tissue; (2) The time consumed 
in the sense-organ in converting thermal into nerve vibrations; 
(3) That consumed in transmitting the nerve impulse from the 
periphery to the centre; (4) That consumed in the brain in making 
the change which results in a conscious perception. 

When the intensity of the stimulus is constant, the time, which may 
be called the latent period—consumed in making all these changes, 
except perhaps the last, will vary in different parts of the body. The 
differences in the times required for the traversing of the different 
lengths of nerve from the periphery to the centre when different parts 
of the body are concerned, are so small that they need not here be con- 
sidered. The differences in time due to differences in sensitiveness will 
be more considerable, and will be inversely proportioned to the sensitive- 
ness, The epidermis, however, is so bad a conductor of heat that small 
differences in its thickness will make comparatively large changes in the 
latent period. With a view to determining these differences I have 
made the following experiments: — 

The lower surface of the platinum cylinder of my thermo-aesthe- 
siometer, heated to a constant temperature, is fixed at a distance of 
30 mm, from the bottom of the platform, and the part, the latent period 
of which is to be determined, is placed in position as in the experiments 
on thermal sensitiveness. A thermally opaque screen is interposed be- 
tween the heated surface and the skin. At a given moment the screen 
is withdrawn, the rays of heat allowed to fall on the cutaneous surface, 
and the person experimented on instructed to give a signal the instant 
a sensation of heat is recognized. ‘The time between the withdrawal of 
the screen and the giving of the signal will be the latent period. For 
nice determinations, it would be well to have the withdrawing of the 
screen close an electrical circuit and make a record on a strip of 
chemically prepared paper, on which a chronograph is recording time 
units, and on which the. perception. of the sensation is recorded by the 
closing of a key in the hand of the person experimented on. But for 
the coarser determinations, which I proposed to'make, no such elaborate 
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apparatus was required. The instant the screen was withdrawn the 
experimenter commenced to count the sounds made by the ticking of a 
watch, and the instant the sensation was perceived the person experi- 
mented on cried out “Now!” By comparison with a Negus chrono- 
meter, the time unit was found to be 0°54 seconds. The subjects of the 
experiments were the same as those on whom the experiments for thermal 
sensitiveness were made, and they are put down in the same order 
as in Table I. Each observation was made from five to ten times, and 
the means reduced to seconds are given in Table IV. 


TABLE IV. 

Case. Finger. | Palm. | Back. | Calf. | Dorsal Hand. | Forearm. 
1. 1405 | 3-11 3-11 473 5°68 4°29 
289 | 2:47 | 1276 | 3-32 332 | 2-47 
III. 611 | 683 | 5:90 | 461 13-40 4:29 
IV. 268 | 472 | 332 | 9-11. 295 | 2-94 
5-90 | 13-61 «11-68 
VI. 473 | 343 | 1:93 | 461 2°89 9-14 

Means | 606 | 570 | 5.40 | 5:28 | 4-86 4-64 

100} 94 89 87 80 76 


The differences, it will be seen are not large, the maximum being 
1:42 seconds; or expressed as a ratio the differences are as 4 to 3. We 
can now see oby the back of the hand has been generally regarded as 
more sensitive to heat than the palm. It is because a thermal — 
stimulus will give rise to a sensation sooner in it. We can also 
explain this other fact; that when the hand is immersed in warm 


water its dorsum is first affected, but after a while the palm feels the 


hotter’. It is because, though the latent period of the palm is greater, 
its sensitiveness (see Table II.) is also greater than that of the back of the 
hand. It takes the stimulus longer to affect the palm, but when it 
does reach the temperature organ, it affects it the more powerfully. 
In PL. V. fig. 2; the relation of thermal sensitiveness to latent period is 
graphically shown, the thick lines representing the latent period, the 
thin the sensitiveness, of the parts examined, 


1 E. Hering in Hermann’s Handbuch der Physiol. Bd. 11. Abth. 2, s. 326. 
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The absence of any definite relation is apparent. This result might 
indeed have been predicted from the complexity of the causes of the loss 
of time which we call the latent period. If the latent period depended 
solely on the inertia of the nerve mechanism, the relation between the 
sensitiveness and it would be simple. (I need hardly explain that the 
term ‘inertia’ is not used in its mechanical sense. By it I mean to 
denote the sluggishness of response to a stimulus, which of course 
depends on some peculiarity of the nerve structure.) Where.the sensitive- 
ness is greatest the latent period would be least, where the sensitiveness 
is infinite the latent period would be zero, and where the latent period 
is zero the sensitiveness would be infinite; the one would be in inverse 
ratio to the other. Representing sensitiveness and sen period respec- 


tively as x and y, this relation would be expressed « - This is the 


equation of the hyperbola referred to rectangular axes. 

Such a curve, it will be found, differs largely from the curve of the 
results experimentally obtained, with thermal sensitiveness as abscissz 
and latent period as ordinates; for the latent period is not dependent on 
the inertia of the nerve mechanism alone, the largest loss of time being 
that due to the feeble conductive power of the epidermis. The departure 
from the hyperbola must therefore be due to this cause, and the 
differences between y and y/’ (the ordinates of the theoretical and the 


experimentally derived curves) ought to express the relative thicknesses 


of the non-conducting strata superposed on the sensitive end-organ of 
temperature. These differences do not coincide with the differences in 
thickness of the whole layer of the epidermis (see Table III.), and we 
may therefore conclude that the end-organ of temperature does not lie 
on the level of the lower surface of the rete, Unfortunately no deter- 


' mination of the relative thickness of the different layers of the epidermis 


itself has been made, and whether or not the differences obtained 
correspond to the relative thicknesses of the stratum corneum above the 
stratum granulosum, beyond which no nerve structure exists’, cannot be 
asserted. 

I must point out one source of error in this discussion. I have 
assumed the stimuli, in my experiments, to be the same in the different 
parts, the latent period of which was determined. Since the heated 
surface was fixed at a constant distance from the parts examined, the 
stimuli were absolutely-of the same intensity. But when the heated 


1 See Ranvier, Traité technique d’histol. p. 900. 
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surface is at a constant distance of 30mm. the part which can appre- 
ciate a thermal sensation when the source of heat is at a distance of 
100 mm. will be much more powerfully stimulated than one which can 
recognize a sensation only when the heated surface is at 50mm. To 
eliminate this source of error and to affect the different parts with the 
same relative stimulus, the heated surface should be placed at varying dis- 
tances which shall bear a constant ratio to the thermal sensitiveness. With 
experiments made in this way, and with accurate determinations of the 
relative thickness of the different layers of the skin, I have thought it 
not impossible in the way outlined above to arrive analytically at some 
conclusion as to the depth below the surface of the end-organ of temper- 
ature, and thus as to the end-organ itself. 
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THE PROTEIDS OF SERUM. By W. D. HALLIBURTON, 
M.B, BSc. (Lond), Sharpey Physiological Scholar, and Fellow 
of University College, London. Plate V. Figs. 3 and 4. 


(From the Physwlogical AOOOTY, Univ. Coll. Lond.) 


THE proteids of serum are generally regarded as two in ee 
One of these has received the names Serum Casein’, fibrino-plastic 
substance*, Paraglobulin®, and Serum Globulin‘. The other is called 
Serum or Serine’®, 3 

The nomenclature which I shall adopt in this paper will be for the 
former Serum Globulin, for the latter Serum Albumin. These names 
are on the whole the most convenient. 

The Globulin of Serum, or Serum Globulin, has been the subject of 
many researches, particularly those of Schmidt and Hammarsten. 

The Albumin of Serum, or Serum Albumin, has perhaps not re- 
ceived its due. share of attention: it was to the investigation of this 
latter body that this research has been in the main directed. 

Concerning the chemical constitution of the proteids in general, and 
of these two in particular, little or nothing is known: they are however 
well separated from one another by their physical characters, which no 
doubt indicates some definite difference in chemical constitution. But 
with the more strictly chemical side of the subject this paper will not 
deal. I shall here treat only of some of the ee characters of the 
proteids of serum. 


1 Panum, Arch. f. Pathol: Anat. Bd. rv. Heft 8, 1851; also in Virchow-Hirsch 
Jahresbericht fiir 1869. Bd. 1. s. 91. Concerning the question of the existence in the 
serum of a serum casein there will be but little to say. Hammarsten’s researches on 
Paraglobulin (Hammarsten, Ueber das Paraglobulin. Pfliiger’s Archiv, Bd. 17, 1878, 
p. 413 et seq., Bd, 18, 1878, p. 35 et seq.) seem to place beyond all doubt that a special 
serum-cagein does not exist, at any rate normally in blood serum. 

2 Alex. Schmidt, Arch. f. Anat. und Physiol. 1861 s, 545, and 1862 s. 428, 

3 W. Kiihne, Lehrbuch d. physiol. Chem. Leipsic s, 174, O. Hammarsten, Arch. 
f. ges. Physiol, Bd. xvii. 8, 413, 1878, 

4 Weyl, Zeitschr. f. physiol. Chemie, Bd. 1. s. 77, 1877. 

5 Denis, Memoire sur le sang. Paris, 1859. 
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_ ~The serum with which my work has been done has been chiefly 
blood-serum of mammalian animals. I have also submitted to exami- 
nation the varieties of human serum which are generally known as 
pathological exudations. 

These experiments, of which a preliminary notice has already ap- 
peared in the Proceedings of the Royal Society, may be arranged into 
two chief categories: first, those relating to the temperature of heat- 

coagulation of the proteids; and secondly, those relating to the action of 
. certain salts upon them. 


Concerning the Temperature of Heat-coagulation of the 
Proteids of Serum, especially of Serum Albumin. 


The method by which the temperature of coagulation is generally 
ascertained is as follows’ :—* A glass beaker containing water is placed 
within a second larger beaker also containing water, the two being 
separated by a ring of cork. Into the water contained in the inner 
beaker there is immersed a test-tube in which is fixed an accurately 
graduated thermometer, provided with a long narrow bulb. The 
solution of proteid of which the temperature of coagulation is to be 
determined is placed in the test tube, the quantity being just sufficient 
to cover the thermometer bulb. The whole apparatus is then gradually 
heated: the experimenter notes the temperature at which the liquid 
first shows signs of opalescence; he afterwards notes again the tempera- 
ture at which a distinct separation of flocculent matter occurs.” 

This apparatus was found after repeated trials to possess two defects: 
first, the rise of temperature takes place with such extreme slow- 
ness that changes are apt to occur in the liquid under investigation 
during the experiment; secondly, it is exceedingly difficult to maintain 
the temperature constant for a considerable length of time. To obviate 
these difficulties a simple apparatus was devised by Professor Schifer, 
which was found to be very easy to use. The ne figure 
gives a sketch of the apparatus. 

F, Fig. 3, Pl. V. is a glass flask supported on a stand: Seid tie 
neck is placed a test-tube, in which again is placed the liquid under in- 
vestigation in sufficient quantity to cover the bulb of the thermometer 
put into it. The flask is-kept filled with hot water, and this water is 
constantly flowing. It enters the flask by the tube a which goes down 
to. the bottom of the flask, and leaves it by the tube b which is 


1 Gamgee’ s Physiological Chemistry, p. 15. 
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inserted as a T-piece into the upper part of the neck of the ‘flask. 
This flowing water is kept hot by passing through a coil of tubing 
contained in a copper vessel C: this vessel contains water which is kept 
boiling by means of a large Bunsen burner. The water enters the coil 
of tubing from the tap 7’, is warmed by passing through the coil, and 
then leaves it by the tube a, which we have before seen enters the flask 
F: in its passage through the flask it warms the test-tube and its 
contents. The temperature of this water varies inversely to its rate of 
flow; this is easily adjusted by the screw tap 7. By this means the | 
temperature can not only be raised and lowered with considerable speed, 
but it can also be maintained constant without difficulty for a consider- 
able length of time. The increase in the rate of heating thus obtained, | 
provided it be not too great, does not interfere with the accuracy of the 
experiment, and is productive of great saving of time. 

With the object of rendering the apparatus of still greater sale, 
especially in the maintenance of a constant: temperature, a slight 
modification was introduced by Professor Schafer; this is shown by — 
Figure 4 It consists in dividing the stream from the tap into two by 
means of a T-piece x: some of the water then goes to the coil to be 
heated: the rest passes on cold and rejoins the former stream by means 
of another T-piece y. . By regulating the screw clamps s* and s* a mixed 
stream of hot and cold water can be sent,to the flask: by mixing hot 
and cold in the right proportions a constant temperature can be 
maintained with great ease for a considerable length of time. 

One additional precaution in the use of this apparatus has to be 
taken, and that is this :—In order that all parts of the liquid in the test- 
tube shall become heated at the same time, it is necessary to keep it 


well stirred by the thermometer during the progress of the experiment,. 


or at any rate during a rise of temperature. 
_ The temperature of heat-coagulation of serum globulin is stated by: 
Hammarsten’ to yary between 68° and 80°, but the average he puts 
as 75°C. The temperature of heat-coagulation of serum albumin is 
put down by Hoppe Seyler’ as 70°—73°C. This is in each case the 
temperature at which the precipitate becomes flocculent, for the proteid. 
enters into incomplete coagulation or a state of opalescence a few — 
degrees below the temperature just mentioned. 
_ But it was found that after heating serum to the higher of these 
‘1 Hammarsten, .“‘Ueber das Paraglobulin. Zweiter Abschnitt.” Pfliger’s Archiv, 
1878, Vol. xvrit. p. 64. 
? Hoppe-Seyler, Handbuch d. phys. u. path. chem, Analyse. 
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two temperatures, and filtering off the resulting coagulum, that the 
filtrate still contained coagulable proteid, which became a flocculent 
precipitate at a higher temperature. 

_A process of fractional heat-coagulation was therefore adopted to de- 
termine accurately the temperature of coagulation of this proteid with 
high coagulation temperature. The words fractional heat-coagulation 
almost explain themselves. A sample of serum is taken, heated until a 
flocculent precipitate appears: this is filtered off; the filtrate is then 
heated to a higher temperature until another similar precipitate ap- 
pears: this is then filtered off; the filtrate is again heated, the — 


being repeated till the filtrate is free from proteid. 


But in order to carry out effectually this apparently simple pro- 
ceeding it is necessary to adopt several precautions, and first to ensure 
that the fluid under investigation should be as nearly as possible always 
of the same reaction. As will be seen later on, one of the most 
important factors in producing variations in the temperature of coagula- 
tion of a liquid is the amount of free acid present: up to a certain 
point, the greater the acidity, the earlier does coagulation occur. The 
liquid must not be alkaline; alkali albumin is then liable to be formed 
either wholly or partially, and thus coagulation does not occur. Neither 
must the liquid be exactly neutral, for it is a well-known fact that 
when a proteid separates as a heat-coagulum from a liquid, such 
separation is accompanied by an increase. in the alkalinity, or decrease 
in the acidity, of that liquid. If the liquid is exactly neutral, a small 


amount of coagulation renders the liquid alkaline; alkali albumin is 
_ then apt to form as before. In order to obtain complete precipitation 


at any given temperature, it is necessary that the liquid be faintly acid ; 
under these circumstances coagulation occurs without any apparent 
change in the proteids under investigation—at any rate no acid albumin 
is formed. It is well known that this body does not form so readily as 
alkali albumin. The flocculi are also larger and therefore easier to 
filter off. 

A solution of 2°/, acetic acid was found to be the most comietiilens 
agent fer so rendering the serum acid. It was dropped from a burette 
into the liquid; the reaction of the liquid being ascertained, after 
thoroughly mixing each drop, by dipping a glass rod into it, and then 
putting the drop adhering to the rod, on one of the delicate, glazed, 
violet-tinted litmus papers, prepared by Messrs. Townson and. Mercer. 
-. The proper quantity of this acetic acid, which had to be added to 
ensure the above-mentioned result, was soon recognised by experience 
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through the tint the liquid gave to the litmus employed; the quantity 
may be stated roughly as one drop of acetic acid of this strength, after 
neutrality had been reached, to three cubic centimeters of liquid: with 
the burette used, twenty-five drops went to the cubic centimetre. In 


' addition to rendering acid in this way the original liquid, it is also 


necessary to render similarly acid the filtrate after precipitation of a 
proteid. | | 
With regard to the length of time at which a liquid has to be kept 
at any given temperature to ensure complete precipitation of the 
proteid at that temperature, it has been found that five minutes is as a 
rule sufficient. : 

It is often necessary, when the precipitates are very dense, to repeat 
the experiments in ten, twelve, or even twenty specimens, to obtain 
a quantity of filtrate sufficient to go on working with. It is also con- 
venient in many cases to hasten filtration by filtering under pressure. 
One more precaution has to be mentioned, and this is, not to mistake a 
dense opalescence for a precipitate. What is the meaning of the opales- 
cence that precedes precipitation seems never to have received a sufficient 
explanation. It appears to be an intermediate stage between com- 
plete solution and complete precipitation. An opalescent solution 
however passes through a filter paper with its cloudiness not lessened at 
all; it passes through more slowly than a clear fluid, resembling some- 
what a thin jelly; it will soak, though sluggishly, through a piece of 
filtering paper, but no solid particles remain behind. This opalescence, 
whatever be its explanation, gets denser and denser as the temperature of 
precipitation is approached ; and sometimes when the temperature of the — 
liquid is only about one degree below that of coagulation it is almost 
impossible to say whether coagulation has taken place or not; generally 
however one can see the flocculi by stirring ; in doubtful cases, one must. 
submit the fluid to filtration. If it comes through the paper unchanged, 
it is evident the temperature of complete coagulation has not yet been 
attained. 

_ The process of fractional heat-coagulation was applied to serum in a 
twofold way: it was first applied to the serum, pure and simple. The 
proteids of the serum were afterwards separated into their two classes 
by means of Hammarsten’s method—that is to say, the serum was 
saturated with magnesium sulphate; an abundant precipitate was thus 
produced. This, Hammarsten has shown to consist of serum globulin, 
while the serum albumin remains in solution; the precipitate, after 
being washed from all-traces of serum albumin by means of a saturated 
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solution of magnesium sulphate, was then dissolved by adding distilled 
water. The water was enabled to dissolve the precipitate of .serura 
globulin by means of the magnesium sulphate still adhering ‘to it. 

_ Thus two solutions were obtained: one, a solution of the serum 
albumin in saturated solution of magnesium sulphate; the other a 
solution of serum globulin in weak magnesium sulphate. To each of 
these the same process of fractional heat-coagulation was applied in the 
same way as has been described in the original serum. | 


As an example of the method and its results, * case of dog’s serum will 
be first taken. 
(1) By fractional heat-coagulation in a faintly acid sclution, —_ were 
separated at the following points : 
Tro. 
All were white flocculent pum cies The final filtrate contained no 
more proteid. | 


(2) The question then remained, were the precipitates falling at the two 
higher points of the nature of globulin or albumin? This was settled by 
saturating the serum with magnesium sulphate; the globulin was thus 
precipitated ; it was washed and redissolved by adding distilled water. By 
heat-coagulation in a faintly acid liquid, coagulation was found to occur at 
75° C., all the proteid in this solution coagulating at this temperature. 


(3) After saturating with magnesium sulphate, and filtering off the so- 
precipitated globulin, the filtrate was also submitted to fractional coagulation ; ‘ 
and precipitates fell at the following temperatures : 

70°-1°C. 77°-8°C. 82°C. 3 

Again all these were white flocculent precipitates. In deat serum the 
albumin is then not a single proteid, but consists of three with different tem- 
peratures of coagulation. 

(4) These results with dog's serum were compared with those obtained = 
a similar treatment of dog’s plasma, 

In the plasma, prevented from coagulating by mixing with an vam 
volume of saturated solution of sodium sulphate, and then rendered faintly 
acid as before, coagula fell at the following — all being white flocculent 
precipitates. 

56°C, 73° JR, : 7° 82°C, 

(5) The precipitate produced in plasma by magnesium sulphate was dis- 
solved by adding water; fractional heat-coagulation applied to this solution — 
produced precipitates of which the following are the —" of coagula- 


tion : 


56° 75°C. 
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(6) The filtrate after the separation of the above precipitate by magnesitnt 
— was similarly treated, and coagula fell at 


73°C, 82°C... 


(1) On comparing the results obtained from the serum with those 
obtained from the plasma, one notices certain differences. The most striking 
_ is the appearance of a precipitate in the plasma at the low temperature of 
56°C. This is now known to be due to the presence in the plasma of the 
precursor of fibrin, viz.: fibrinogen. That such was the case was shown first 
by Hewson’, and then by Fredericq*. This proteid is absent from the 
serum. The only other difference is that the temperature at which the lowest 
member of the albumin class separates is rather different in the case of the 
serum and plasma, being 70-1°C. in the former, and 73°C. in the latter. 
This however is due to the admixture in the plasma of a certain quantity of 
saturated solution of sodium sulphate, for by similarly diluting a portion of 


serum with this solution, the temperature at which the first coagulum fell is 
raised to 73°C. 


The results of these experiments on dog’s serum are then as 
follows :—in the same way that the plasmine of Denis has been long 
known to be separable into two proteids of the nature of globulin by 
heat-coagulation, so the serine of the same observer has now been shown 
to be in like manner divisible into three proteids, of the nature of 
albumin. 

In the former . case, the names the two proteids have received are 
respectively fibrinogen and paraglobulin. In the latter case, they have 
hitherto all been grouped together as serine or serum albumin. It will 
be seen immediately that this divisibility of the serum albumin of the 
dog is not peculiar to that animal, but that similar bodies are found in 
the serum of other animals: it is however not advisable to multiply 
terms, and I therefore propose to call these varieties of the albumin of 
serum, serum albumin a (coagulating at 70-73°), serum albumin 8 
(coagulating at 77°78"), and serum albumin y (coagulating at 

82°-85° C.). 

The following tables will show at a glance the results obtained in the 

serum of the various animals that I have examined. 


Table I. shows the: results obtained with simple undiluted serum in 
certain animals. : | 


Works, edited by Gulliver, p. 26. 
2 Fredericq, Recherches sur la constitution du plasma sanguin. Gand, 1878. 
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‘TABLE I. 
of coagulation of the proteids contained in serum a 
fractional process. 
Animal. | Serum Albumin. | Serum Globulin. } Serum rogiwunwe ‘Serum Albumin. 
a. 
Dog 70°-1° 0. 75° O, 77-80, | 82 
Ox 73° 84° 
Man 70° 73°-5° 77° §2°-3° 
Monkey 12° 75° 77° 84° 
Sheep 73° 4° 77°.8° 84° 
Rabbit 72° 75°-6° 77° 83° 
ig 70° 1? 77° 
Cat 71° 74° 77° 84° 
Horse T4°-75° 77° 84° 


Table II. shows the temperature of coagulation in the. plasma of a 
few animals similarly treated. 
TABLE II, 


Temperature of coagulation of the proteids contained in the plasma by a 
fractional process. 


Animal, | Fibrinogen. | | Serum | Serum | Serum 


a B. 
Dog 56°0. | 73°0.| 75°0.| 77°0.| 82°C. 
Monkey 56° 72° 83° 


Rabbit 56° 73° 75° 78° 84° 


Table III. shows the temperature of coagulation of the solution 
obtained by redissolving the precipitate produced by a sul- 
Lach in the serum and plasma of various animals, 


PH, V. | 
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TABLE III. 
Temperature of Coagulation. 
Animal, Fibrinogen, | Serum Globulin. 
Dog-Serum 75° C, 
» Plasma 56°C. 75° 
Ox-Serum 75° 
Man-Serum 74° 
Monkey-Serum 76° 
» Plasma 56° 75° 
Sheep-Serum 75° 
Rabbit-Seram 76° 
> 56° 75° 
Pig-Serum | 75° 
Cat-Serum 75° 
Horse-Serum 75° 


Table IV. shows the temperatures of coagulation of the series of 
proteids left in the filtrate after saturation with pageamen sulphate, 
and — precipitation of the globulin. 


TABLE IV. 


Temperature of Coagulation. 


3 Serum Albumin. 

Animal, a. | 
Dog-Serum and Plasma 70°-73° C, C, 82° 
Ox-Serum 17° 84° 
Man-Serum 85° 
Monkey-Serum and 69° 84°--5° 
Sheep-Serum | 84° 
Rabbit-Serum and Plasma 73° 84° 
Pig Serum 72°—3° 77° 84° 
Cat-Serum 73° 1 84° 
Horse-Serum 


As will be seen from these tables the results are very uniform: 
there are slight differences of a degree or two in a few cases, but the 
average results are very similar, Excepting the case of human blood, 
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several specimens of serum in each of the above-mentioned animals 
were examined, and the results above are the averages obtained. 
Various circumstances influence the temperature of coagulation of a 
proteid: the most potent of these is the reaction; others are, the 
amount of sodium chloride present, and the duration and rate of 
heating. The influence of certain salts in very markedly lowering the 


temperature of coagulation will be presently alluded to. 


There were however certain striking exceptions which it is desirable 
to allude to :—first in one specimen of monkey’s plasma no precipitate 
beyond 77°C. occurred; this both in the simple plasma, and in that 
from which the fibrinogen and serum-globulin had been removed by 
magnesium sulphate. The total amount of proteids in this plasma was 
estimated: it was found to be 4°8 grammes in 100 cubic centimetres of 
plasma. This will be seen to be very small, the average amount of 
human serum being 7°6 °/,; in that of the horse 7°25 ; of the ox 7°5; of 
the rabbit 62. I can find no record of the amount of proteid present 
usually in monkey’s blood, but it seems fair to imply that it would 
approximate to that contained in other vertebrate animals, especially 
those like man, closely related to it. 

In other specimens of both monkey's plasma and serum that I 
examined, the total amount of proteids was greater than in that just 
alluded to, and in these all three varieties of serum albumin existed. 

Again, in a few specimens, twice in the case of sheep’s serum and 
once in the specimens of serum of the dog and ox that I have examined, 


_@ precipitate came down at a point higher than any of those mentioned ; 


namely 87°C. This was quite exceptional. As a rule whatever mammal 
was the source of the blood, after precipitating at 84°C. the filtrate 
contains no more proteid: in these few instances this fourth precipitate 
appeared at 87°C. 

Although I have now examined in this way a large number of 
specimens of mammalian serum, yet I have not yet subjected to analysis 
a number sufficient to afford me many of these exceptions. It would 
therefore be unfair to deduce any conclusions from some. half-dozen 
exceptional cases. 

Referring again to the tables already given, it will be seen that 


Tables III. and IV. are the most important: they show that serum — 


globulin is probably a single proteid whereas serum albumin really 
consists of more than one. In the case of certain animals—man, 


monkey, dog, cat, pig, and rabbit—it can be differentiated into three 


proteids, while in the case of the ox, sheep, and horse only two of these 
11—2 
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are present, namely those coagulating at 77°C. and 84°C. It is 
interesting to notice that these three animals belong to the Ungulata. 

Tables III. and IV. are important because they show conclusively 
that the class of proteids to which these proteids with high coagulation 
temperatures belong is that of the albumins, not the globulins. The 
method by which the facts contained in these tables are arrived at is in 
the end the simplest. In the serum pure and simple the chain of 
proteids coagulating at 73°, 75° and 77° are so close together that it is a 
matter of difficulty to accurately separate them, unless the operator is 
well practised in the method, But after the middle member of this 
series has been taken out and put into another solution there is a 
- difference of some four or five degrees between the first and second 
terms of the serum albumin series; then there can be no danger of 
precipitating the two together. 

We must now return for a short time to the case of human scrum. 
It is now a rare event to obtain human blood in any quantity; I have 
succeeded in obtaining only one specimen’. In this specimen the 
specific gravity of the serum was low (1015): the clot was small though © 
of normal colour and consistence; the total quantity of proteids of the 
serum was also below the normal (6°5 °/,); and the serum contained 
‘62 °/, of urea (estimated by Haycraft’s method)’ which is very much 
above the normal; (as will be concluded from this description) the — 
patient from when the blood was drawn was suffering from Bright’s 
disease. As has been already stated, the serum albumin was differen- 
tiated into three proteids analogous to those found in the serum of 
other mammals, 

But although I have had only this one opportunity of examining 
human blood serum, yet I have had many opportunities of examining 
the various effusions into serous cavities’; and the results obtained in 
these confirm abundantly the fact that heaton serum albumin is not a 
single body but consists of three proteids. 

Table V. represents these results 1 in a tabular form. 


1 For this I am indebted to Dr eis Maudsley, Resident Medical officer, University 
College Hospital. I have also to thank others of my friends among the resident staff 
there for numerous specimens of pathological exudations to be — to nas on. . 

? Gamgee’s Physiological re p. 192. 
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TABLE V. 


Souvrion or precipitated by Mag. || or i.e. after the 
_ Sulph., washed and redissolved by water. Raph. fe Ba of the Globulins by Mag. 
Temperature of Temperature of coagulation. 

Serum Serum Serum Serum 
Fluid. Fibrinogen. |Globulin.|} Albumin. Albumin. 
a. 
Human blood-serum 75°C. || 73°C. 77°C. 85°C. 
Hydrocele Fluid 56°C. | 75° 70°-71° | 77°-8° 83° 
Pleuritic Fluid 75° 73°-4° 78° 85° 
Ascitic Fluid 75° 73° 84° 
Pericardial Fluid 74 73° 77° 84°. 
Parovarian Fluid 75° 70°-73° =| 77° 82° 


Some three or four specimens of each of the following fluids were 
examined, hydrocele fluid, pleuritic fluid and ascitic fluid. Hydrocele 
fluid was always found to contain fibrinogen, even though it was not 
spontaneously coagulable: ascitic fluid contained none: the pleuritic 
fluid had invariably coagulated spontaneously, and so, all the fibrinogen 
having thus gone to form fibrin, there was no precipitate at 86’ C. 
Of pericardial and parovarian fluids one specimen only of each was 
obtained. In the case of pericardial fluid which came from a case of 
very acute pericarditis, a clot formed spontaneously as in the case of 
pleuritic fluid; in the case of parovarian fluid, the total quantity of 
proteids was as is usual in this fluid very small, being only one per cent. 
by weight. Still by careful fractional heat-coagulation, the serum 
albumin was differentiated into its three proteids. 

Though I add these additional particulars about these fluids “i 
only confirm what was previously well known regarding them ; but I 
wish to draw attention to the last three columns in Table V. They 
show, to repeat, the fact that human serum albumin whatever its source 
consists of three proteids with different temperatures of coagulation, 
To sum up: the method of fractional heat-coagulation shows that the 
albumin of serum is not a single proteid, but consists of three separate 
proteids, coagulating at the temperatures of about 73°, 77°, and 84° C. 

Concerning the amounts in which these are usually present in the 
serum I am not at present able to give any exact figures. The few 
quantitative estimations that I have at present made are not sufficiently 
numerous to enable any just conclusions to be drawn from them. Ina 
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future paper I hope to be able to complete this part of the subject.. At 
present I can only say that the amount of the proteids which coagulate 
at the higher temperatures is considerably less than of that coagulating 
at 73°C. The proteid coagulating at the highest temperature 84° C. is 
the least abundant of all, and in some cases forms but a faint cloud of 
precipitate. 

In speaking hitherto of the precipitation or soaguleticns of these 


bodies I have intended that word to mean complete precipitation 


in a flocculent form which can be filtered off, the filtrate being clear. 
As may however be imagined, the filtrate is not always perfectly clear 
after one filtration ; it often has to be passed through the same paper 
three or four times before this is the case. This occurs when the 
precipitate is a very finely divided one. I have in the tables already 
given not alluded to the temperatures at which opalescence first appears. 
Some particulars regarding this will be given in some tables later 
on. It may be mentioned in passing that my notes of the appearance 
of opalescence show but little difference from the already published 
statements of Hoppe-Seyler and Hammarsten on this subject: that 
is, in the case of serum albumin opalescence first appears between 60° 
and 65°, and in the case of serum globulin at about 68°C. In the case 
of the higher precipitates opalescence usually occurs one or two degrees 
before that at which a flocculent precipitate falls down. After 
saturation with magnesium sulphate the first appearance of ppemencs 
is at a rather higher temperature than in the simple serum. 

The fact that the reaction of the liquid is of considerable importance 
in the determination of the temperature of coagulation of any proteid 
contained in it has already been stated. It is now necessary to 
amplify this point, and to quote corroborative experiments. 

Two solutions were prepared, one acid, the other alkaline. The acid 
chosen was oxalic acid. 73 grammes of pure oxalic acid were dissolved 
in a litre of distilled water. 3 

The alkaline solution was made by dissolving 56 grammes of 
pure potassium hydrate in a litre of distilled water. 

Thus two solutions are obtained which exactly neutralise. one 
another when mixed in equal quantities. 

The solutions of this strength were however found to be too con- 


-centrated to accurately determine the alkalinity of such a feebly 


alkaline liquid as serum. | 
Each was therefore diluted ten times; ie. 45 cubic centimetres 


| of distilled water were added to 5 cubic centimetres of the solution. 
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_ These diluted solutions were placed in burettes, in each of which 
twenty drops went to the cubic centimetre. . It was then found that twenty 
drops of one solution exactly neutralised twenty drops of the other. 

. Each drop of the acid solution thus contained 0000365 gramme 
of oxalic acid, and each drop of the alkaline solution an equivalent 
amount of potash, viz. 0°00028 gramme. To test the reaction of 
the liquid under investigation, two methods were employed :—one was 
to colour it with a small quantity of a neutral solution of litmus: 
the other was to use the test papers before mentioned. These were both 
employed for some time, but were found to give such closely similar 
results that in the later experiments the violet test papers were 
alone employed as being the less troublesome method. 

Although I have not succeeded in tracing any definite progressive 
relationship between the acidity of a liquid and the temperature 
of coagulation of the proteids contained in it, it may be instructive 
to place upon record some of the observations and experiments I 
have hitherto made upon the subject, since they illustrate very clearly 
the general effect of reaction upon heat-coagulation. The difficulties of 
arriving at a more exact relationship between the two seem to be 
due to the varying amount of free alkali and of alkaline and neutral — 

salts initially present in the serum. 


1. The first experiment was one performed with a solution of globulin 
from horse serum, purified by repeated precipitation with magnesium sulphate, 
and then dissolved by the addition of water. In this way a faintly opalescent 
solution of serum globulin in weak magnesium sulphate was obtained. 

It was found to be faintly alkaline: 5 cubic centimetres of the solution 
requiring three drops of the standard acid solution to neutralise it. 

The following are the results of heat-coagulation :— : 

a 5c.c, of solution with initial alkalinity of 3 drops. 
Opalescent 70° O. 
Flocculent precipitate 76°8° 
5 cc, of solution. 
1 drop of alkaline solution added : eee * drops. 
Opalescent 70° 0. 
Precipitate 77° C. 
The precipitate was gelatino-flocculent and difficult to filter off. 
c. 5c.c. of solution. 


Opalescent 72-3" ©. 
Precipitate 78° 


- 
f 
on 
aM 
/ 
~ 
4 
“s 
fal 
48 
oka 
% 2 


166 W. D. HALLIBURTON. 


This was at first an increase in opalescence: but after keeping the solution at 
the temperature of 78° C. for 5-10 minutes, it became a flocculent ——- 
d. 5c.c. of solution: 
3 drops of alkaline solution sailed thus alkalinity = 6 drops. 
Opalescent 73°C. 
Precipitate 80° 0, 
This also took a long time to form, and then was gelatinous in nature and 
difficult to filter. 
_ In solutions with more than this amount of alkali added the formation of — 
a precipitate occurred at still higher points; the precipitation of proteid was 
incomplete; a certain amount of alkali-albumin formed, which remained in 
solution. Moreover, on adding a larger amount of alkali, a precipitation of 
magnesia occurred which interfered with the observation. 


_ 2, The same solution of serum globulin was used :— 
a. 5c.c. of solution. 

3 drops of acid solution added : liquid ‘ante neutral. 
Opalescence 67°-8° 
Precipitate 76°5° C. 

_ This was filtered off: the filtrate found to be alkaline: salinity of 5 

cubic centimetres = 5 drops. 
6. of solution. 

4 drops of acid solution added ; acidity = 1 drop. 


Opalescence 69°-70° C. 
Precipitate 75:5 C. 
ce. 5e.c, of solution. 

: Opalescence. Precipitate. 

Acidity = 2 drops. 69-70° C, 75° C. 

=3$ drops. 68°. -9° C. 74° C. 

= 4 drops. 68°-9° 3 72-5° C. 

= 5 drops. | 68°-9° C. | 70° C. 


In all these cases precipitation of the proteid was complete. 

d. The lowering of the coagulation point after this proceeded more 
rapidly. Mere addition of the acid at the temperature of me air ond C.) 
rendered the liquid more opalescent. 

- 5c. were taken in each case. 


Opalescence increased. Precipitate. 
Acidity = 6 drops. 60° ©. OA 
= 7 drops. 60°C, 64°-5°C. 
= 8 drops. 55° C, 60° C. 


The precipitation in all cases was complete. The filtrate after the coagu- 
lum had been filtered off was in the first of these — cases neutral, in the 
two latter it was faintly acid. ; 
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e. In the following cases thé addition of acid caused considerable opales- 
cence : this increased on standing. On heating the liquid a gradual increase of 
_ opalescence occurred until a precipitate fell. After filtering off the precipitate 
a considerable amount of proteid remained in solution, which was however 


by rapid boiling. 
Acidity = 9 drops. | Precipitate at 57°C. 
Acidity = 10 drops. _ Precipitate at 53° C. 


J. An addition of acid beyond the above amount causes, not only an 
opalescence, but on standing a small amount of flocculent Aone falls at 
the temperature of the air (27° C.). . 

A solution of 2 per cent. acetic acid was found to sot uisnilarly. 


3. The next experiment to be quoted was one performed with simple 
sheep’s serum. In each case as before five cubic centimetres of the liquid 
were taken, a certain amount of acid added, and the temperatures at which 
opalescence and a flocculent precipitate first appeared were noted, It will be 
seen that in these experiments a larger amount of acid was required to pro- 
duce as much lowering of temperature as’ was observed in the case of a 
solution of a pure proteid: the original comparatively large amount of alka- 
line salts was no doubt the cause of this. 

Original Alkalinity: 5 c.c. require 20 drops of acid to effect neutralization. 


Alkalinity = 20 drops. Opalescent 77°C. Sets into a solid) 
80°-82° C. 
gelatinous mass 


It is : iia seen that while the liquid remained alkaline or neutral there 
was but little difference in the temperature of coagulation. 

In case the above liquids should have been too concentrated some of the 
above solutions were in addition to the above diluted with an equal amount of 
water. The results then obtained were 

Alkalinity = 15 drops. Opalescent 76°C, deeper at 80°C. 
_ This beeame very dense on keeping it at that temperature some time, but 
flocculi never separated, even on boiling the solution. : 

Liquid neutral. Opalescent 74° C.: increased at 76°-7°O.; but even by 
boiling flocculi did not separate.. 
| 6. In the following two experiments in which the acidity of the five 
cubic centimetres was respectively 1 and 2 drops, the liquid appeared to test- 
_ paper to be still neutral; but that they were acid was shown by adding some 
neutral litmus solution to the liquid. In both the result was as follows:— ~ 
67°C. faint opalescence. 
72° C. opalescence deepened. - ‘ 
77° C. opalescence still sl 


eh, 
‘ 
& 
¥ 
te 
¥ 
be 
ig 
a 
st 
ct 


O. opalescence still deeper. 
99°-100° C. flocculi separate guid, 
c. Acidity = 3 drops. 
67° opalescent. 
75° opalescence increased. 
77° opalescence increased: slight separation of floceuli after 
F keeping the liquid at this temperature 10 minutes. 
Opalescent. Precipitate, 
d. Acidity=5 drops.  66°-7°C. 75°. flocculi very fine. 
» drops. 66°-7°C. 75°C. flocculi very fine. 
»  =10drops. 66°C. 74°-5° C. flocculi large: filtration easy. 
The filtrate from the last case was neutral, clear, and contained abundance — 
of coagulable albumin. 

e. Beyond this point the lowering of the temperature of aedabe 
proceeded quickly. After filtering off the coagulum the liquid was found to be 
slightly acid in all cases. 

Acidity = 15 drops. Opalescent 55° C. 
Precipitate 65° C. 
f. The addition of acid beyond this point caused a precipitate in the 


} cold: i.e. at the temperature of the air (25° C.). 


Acidity = 20 drops: opalescence gradually increased till 60° C. 
when the first flocculent precipitate fell. 
Acidity = 25 drops. The first precipitate fell at 56-7°C, 


4, In this experiment sheep’s serum was again employed. It was 
saturated with magnesium sulphate ; the serum globulin was thus precipitated 
and filtered off and the filtrate was used. Five cubic centimetres were as 
before taken in each case ; the initial alkalinity of that quantity was equal to 
17 drops of standard solution. 

It is well known’ that acetic acid, when added to the solution of proteid 
saturated with a neutral salt, precipitates that proteid from the .solution 
completely and in an insoluble form. 

 Tartaric and citric acids are noted as acting ny’ To this list I may 
now add oxalic acid. 

_ Therefore in determining the coagulation temperature of a proteid in such 
a solution, one is prevented from adding an excess of acid by seeing the 
precipitate which such an excess causes. Up to the point of neutrality and a 
little beyond it addition of acid produces no precipitate ; beyond this it does 
produce precipitate. 


1 Gamgee’s Physiological Chemistry, p. 18. 


T. C. Charles, M.D. 
London, 1884. 


a 
‘§ 
we 
“Ma 
eg 
t 
| 
4 
‘ef 
ag 
ats 
ry 
4 


PROTEIDS OF SERUM. 
The following are the results obtained by heat-coagulation in the solution 


before described. 
Opalescence. _Gelatino-flocculent precipitate. 
a. Alkalinity=17 drops. 80°C. 85°O. 
= 7 drops. 80°C. 85°C. 
Liquid neutral 80° 0. 83°-4° C. 
In all cases the flocculi separated from an opalescent liquid. 
Opalescence, Gelatino-flocculent precipitate. 
b, Acidity =1 drop. — 80°C, 83°-4° C, 
= 2 drops. 80°C, 83°-4° C, 


These solutions were very faintly acid: their acidity in fact was not 
shown by test papers, though it was rm the addition of litmus to the 


solution. 
Opalescence. Precipitate. 
ce. Acidity= 5 drops. 77°C. 80° 0. 
= 10 drops. 73°C. 77°-8° O. 


The gelatinous character of the flocculi was here lost ; filtration was easy. 
The temperature of coagulation is in this particular specimen seen to be 


rather higher than in the average of cases quoted in Table IV. 
d, Beyond this point the rate of eng — quickly, 
Acidity = 17 drops. 
Opalescence 5° C, 
Precipitate 65° C. 


e. The addition of acid beyond this point ane a permanent 


precipitate in the cold. 


The conclusions to be drawn from these expotiments, which are 


simply given as illustrations, are 


1. If the liquid is alkaline, the precipitation, if one is produced at 
all, is not a flocculent one, and its separation is incomplete. The 


alkalinity. 


obtained. 
| | precipitation is complete, and filtration easy, the filtrate being clear: 


free acid present. 


falls rapidly, until at last precipitation occurs in the cold. 


temperature at which it ‘separates varies but little with the amount of 


2. If the liquid is only very faintly acid (5c.c. having an acidity 
=2 or 3 drops of the standard solution), much the same effect is 


liquids. exceeding: this: in acidity up to certain: point 
the point of heat-coagulation falling slightly the greater the amount of 


4. In liquids more acid still (in the above instances beyond 
10 or 15 drops of acid to the 5c.c.) the point of heat-coagulation. 
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' 5. In solutions of a pure proteid similar effects are produced by 
smaller amounts of acid than _— other salts are present, as in 
serum. 

With regard to the literature of this. subject of heat-coagulation 
both Hammarsten’ and Fredericq’ place the temperature of coagula- 
tion of serum globulin at 75°C. Hammarsten states that the tempera- 
‘ture of coagulation of this body may vary between such wide limits 
as 68° and 80°C. I have however not found the limits to be as 
wide as this. Taking care to have the reaction of the liquid as nearly as 
possible always the same, I have found variations between 74° on 
the. one hand and 77°C on the other: but in the vast majority of 
instances, I have noted the temperature of coagulation of serum 
globulin as 75°C. 

The observer upon whose authority the coagulation temperature 
of serum albumin is stated as 70°-73° 1s Hoppe-Seyler®. Fredericq‘ 
however seems to have been the first who performed the experiment in 
serum -which had been saturated with magnesium sulphate, and 
from which the thus precipitated serum globulin had been removed. 
He obtained the very remarkable result that coagulation began in 
such a liquid a little above 40°C., and by the time 50°C. was reached 
nearly the whole of the serine had been precipitated. Schafer’ 
repeated the experiment, but found that after he had completely 
removed the globulin with magnesium sulphate, he did not obtain 
a coagulum until the temperature had reached 70°C., the liquid 
becoming opalescent at 65°C. He effected complete saturation with the 
salt by attaching the bottle containing it and the serum to an eccentric 
connected with a steam-engine, and in this way had the fluid shaken 
up with the salt for at least three hours. He demonstrated that simply _ 
shaking the vessel with the hand was not sufficient to produce complete 
saturation: and in serum thus imperfectly saturated, and in which 
consequently some serum globulin still remained in solution, he 
obtained results which coincided with those of Fredericq—viz. a 
flocculent precipitate at 40°C. He therefore explained Fredericq’s 
results, by supposing that Fredericq had worked with. similarly 
imperfectly. saturated serum. Professor Schafer confirmed this view 
that this precipitate at 40°C. was really globulin in several ways, of 


1 loc, cit. cit... 8 loc, cit. 
*¥Fredericq. “Recherches sur les substances albuminoides du sérum 
Arch. de Biologie, Vol. 1. 1880. ~~ 

5 Schifer, Journal of Physiology, Vol. pp, 181—2. 
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which the most striking was the following: he collected this precipitate 
which occurred at 40°C. and found that it was soluble by the addition of 
water, from which solution it was again precipitable by saturating with 
magnesium sulphate. 

It is also possible to explain Fredericq’s results by supposing that — 
he had too much free acid present, but on the whole Professor Schafer’s 
explanation seems the more reasonable. It is confirmed in a striking 
manner by some observations of Hammarsten’ on the action of 
sodium chloride on. serum. One of the results of Hammarsten’s — 
experiments was that sodium chloride only precipitates serum globulin 
incompletely, not completely as Schmidt* had previously stated. 
After having made this statement, and supported it by experiments, 
Hammarsten continues as follows :—“The amount of the precipitation 
of the paraglobulin from the serum by excess of peas _seenstin 
salt depends very much on the temperature. 

“With sodium chloride added to complete saturation, at a temperature 
of 17°-20° the filtered blood serum always becomes cloudy by warming it 
to 37°-40°C., and if this fluid is cooled it becomes gradually clear again.” 

“Perfectly clear horse serum was saturated with sodium chloride: the 
clear filtrate concentrated in vacuo till an abundant quantity of salt had 


crystallised: then it was again filtered, and the filtrate heated pretty 


quickly to 40°C. At 30°C. the fluid became opalescent, and by 37°5°C. 
there was an abundant flocculent precipitate. The fluid was then placed 
in a cold chamber, and after three hours the precipitate had completely 
redissolved. It was again precipitated by heating the liquid to $7°5° C.” 
Hammarsten then gives details of a similar experiment in which he 
saturated the serum with sodium chloride at 10°C. and obtained a 
precipitate by heating the filtrate to 18°C, He goes on to say that 
there is no doubt that this precipitate is serum globulin; he washed it 
with a solution at a temperature of 40°C. and dissolved it by adding 
water. In this fluid he got a precipitate either by saturating it wen 
neninaaad sulphate or by dialysis, 

- Hammarsten also insists upon the difficulty of completely saturating 
serum with sulphate of Magnesia, and upon the importance of arriving 


at complete saturation in order to obtain a — precipitation of the 
globulin. 


1 Hammarsten, ‘‘ Ueber das Paraglobulin. Erster Abschnitt. ” Pfluger’s site 
Bd. 17, 1878, pp. 424—426, 
Alex. Schmidt, Untersuchung des Eierweisses und ‘Mies Blutecrams 
Dialyse.” Ludwig’s Jubelband, pp. 99—100. 
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I need hardly say that I have profited by Professor Schifer’s 
experience. In all my experiments I saturated the serum with mag- 
nesium sulphate thoroughly ; that.is, by having the serum shaken with 
excess of the salt for at least three hours. It is in this way that I 
- account for never having obtained a result similiar to Fredericq’s. 
The results of Schafer’s and Hammarsten’s experiments just quoted 
clearly show that serum- globulin is less soluble in warm serum nearly 
saturated with magnesium sulphate, or completely saturated with 
common salt, than in the same solution in the cold. 


Concerning the Precipitation of the Proteids of Serum 
by means of certain Salts. 


In this part of my paper, as in the first part, i eliaakidet 
shall have chiefly to allude are those included under the name serum 
albumin. It was Denis’ who first studied the action of certain salts — 
upon the constituents of the serum and plasma. It was however 
previously known to Hewson that coagulation could be prevented or 
hindered by mixing with the blood a certain proportion of neutral salts. 
Denis used sulphate of soda, and this salt has been generally employed 
since for the same purpose. 

_ Two other salts were also used by Denies one was chloride of 
sodium, the other sulphate of magnesia. By saturating the plasma with 
_ powdered common salt he obtained a precipitate of a proteid substance 
which he called plasmine: this has since been shown to consist of the 
now well-known bodies, fibrinogen and serum globulin. He found 
also that by saturating serum with sulphate of magnesia, he obtained 
the precipitation of a proteid substance which he considered to be the 
fibrin which had been redissolved in the serum. 
- $Schmidt?* studied the action of sodium chloride on serum, and 
concluded that by saturating serum with this salt he obtained a 
complete precipitation of the serum globulin. According to Heynsius* 
and Hammarsten‘, Schmidt was in error in this statement. Ham- 
marsten showed however that with magnesium sulphate one can 
obtain a complete precipitation of the serum globulin. 

Concerning these two latter salts I shall have but little to add to 
what is already known. With the first of the three, namely sulphate of 
soda, I have obtained some very interesting results. 


1 Denis, loc. cit, 3 2? Schmidt, loc. cit. : 
3? Heynsius, “Ueber serum Albumin und Eieralbumin und ihre Verbindungen.” 
Pfluger’s Archiv, Bd. xu. 4 Ham marsten, loc. cit. 
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In addition to this I have extended my observations to the action of 
various other salts upon the proteids of the serum. 

Having shown that by the process of fractional heat-coagulation the 
albumin of serum can be differentiated into three proteids, my next 
object was to find what other differences, if any, exist between them. I — 
sought therefore to find some means by which they could be precipitated 
from serum without their undergoing coagulation. It was thought 
possible that in the same way as serum globulin is precipitated in an 
unchanged form by means of magnesium sulphate, se certain of these 
proteids might be similarly precipitable by certain other salts, To this 
end I have examined the action of a large number of salts upon the 
serum. Among them, several exist which do precipitate the albumin of 
serum, much as magnesium sulphate precipitates serum globulin: but 
all the salts that act so, act equally upon all varieties of serum albumin. 
By this method then it is not possible to differentiate the proteids 
included under the name albumin of serum, or at least I have not 
succeeded in doing so. There are however still many more salts to be 
examined with this view, and in any case the results that I have 
hitherto obtained are of sufficient interest to put upon record. 

The list of salts, the action of which on the serum proteids I have 


examined, is as follows:—Magnesium Sulphate, Sodium Sulphate, Sodium 


Chloride, Sodium Nitrate, Sodium Acetate, Sodium Carbonate, Sodium 
Phosphate, Potassium Sulphate, Potassium Chloride, Potassium Chlorate, 
Potassium Nitrate, Potassium Carbonate, Potassium Phosphate, Potas- 
sium Iodide, Potassium Acetate, Sodio-Magnesic Sulphate,. Ammonium 
Chloride, Ammonia Alum, Calcium Chloride, Barium Chloride, Silver 
Nitrate, Mercuric Nitrate, Lead Acetate, and Copper Sulphate. | 

Before taking these seriatim it will be convenient to allude to the 
method adopted in the investigation of the action of these salts. 

In the first place the serum was saturated with one of them; if any 


precipitate formed, it was examined to determine its nature, that is to 


say, it was first examined to see if it were a proteid; if a proteid, if it 
were soluble in water. Of this solution the properties were tested in 
various ways, by heat-coagulation, by dialysis, by the action of other 
salts upon it being the chief. Not only was the precipitate examined in 
this way but also the filtrate from which the precipitate had been 
separated ; this liquid. also was treated by the methods of heat-coagula- 
tion, dialysis, and by further saturation with other salts. 

By repeated experiments I confirmed Hammarsten’s statement that 
magnesium sulphate was a sure agent for separating the serum globulin 
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‘completely from serum. I therefore felt justified in making this’ the 


basis of a second set of experiments. I knew that after I had filtered 
off the precipitate produced by saturation with this salt the only proteids 
the filtrate contained were of the nature of albumin. It was this 
filtrate that I saturated with all the other salts mentioned in the above 
list. Hence in the examination of serum albumin, I adopted a method 
of double saturation, or saturation with two salts: the first of these 
being magnesium sulphate. 

In the examination of the effect of saturation with any particular 
salt my method was therefore as follows :—first to saturate the simple 


- serum with that salt and examine the result: secondly to saturate with 
the same salt, serum from which the globulin had been removed, that is 


which had been previously saturated with magnesium sulphate. 

In certain other cases I examined the effect of smaller quantities of 
these salts upon the serum ; that is, the salt was not added to saturation. 

It will be convenient in this connection to discuss the rules that 
govern solution of a solid in a liquid, and especially to discuss generally 
the question of double saturation’. 

The solution of a solid in a liquid is usually attended with a fall of 
temperature arising from the conversion of sensible into latent heat. 
In the case of anhydrous salts, however, these are converted into definite 
hydrates, and so there is a rise of temperature. 

The manner in which the solubility of a solid in a liquid is related 
to the chemical composition of the two has not yet been reduced to any 
definite laws. As a general rule, it may perhaps be stated that solids dis- 
solve with the greatest facility in those liquids which they most resemble 
in composition. Still similar salts of closely related metals often differ 
very much in their solubility in a liquid: as an example, the relative 
solubility of magnesium sulphate and barium sulphate may be quoted. | 

Pulverisation and stirring increase readiness of solution. Solubility 
increases with rise of temperature, There are however exceptions to 
this rule. For each temperature there is a certain limit called the point © 
of saturation ; the rate of increase is different for different none 
and is not reducible to any law. 

It is unnecessary to allude to the neeahiintion of water by salts 
like sodium sulphate and sodium carbonate which crystallize with more 
than one proportion of water, since in my experiments I have always. 
saturated at the temperature of the air, and not employed any extra heat 
at all. 

1 Watt's Dictionary of Chemistry, Vol, v. p. 348, Art.“ Solution.” 
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When two or more salts dissolve in water and no new salt separates 
out by double decomposition, the quantity of each held in solution by a 
given quantity of water is generally, but not always, less than if either 
salt were dissolved separately. The quantities contained in such a 
solution are generally the same whether the two salts be dissolved 
simultaneously or if the water be first saturated with one, then with the 
other; crystals of the salt with which the salt was first saturated then 
separate out when the second salt is added. For instance, if a saturated 
solution of sodium chloride be shaken with solid ammonium chloride 
the liquid takes up large quantities of the latter, and cubes of sodium 
chloride erystallize out. Another frequent relation is the difference as 
to which salt is used first for saturation; as an example take ammonium .__ 
chloride and potassium nitrate. The following table represents the — 
proportions of these salts taken up by 100 parts of water at a tempera- 
ture of 183°C. in the three following cases :— 

a. A quantity of water saturated with ammonium chloride is shaken 
with excess of potassium nitrate. 

8. A quantity of water saturated with potassium nitrate is shaken 
with excess of ammonium ehloride. 

y. The water is saturated with the two salts simultaneously. 


a. B. ¥- 
Ammonium chloride 87°98 4433 39°84 
Potassium nitrate 8768 3056 38-62 


The bearing of these remarks on my experiments must now be pointed 
out; 5 
(i) As a rule the crystalline, not the anhydrous, form of a salt 
was used: when the anhydrous salt was used the fact will be stated. __ 

(ii) The fact that the solubility of closely allied salts in water 
differs so much, is analogous to, though it does not explain, the other 
very different results in the precipitation of proteids that are obtained 
. with chemically similar compounds: e.g. sodium sulphate and potassium 
sulphate. 

(iii) Though no artificial heat was employed to aid the process of 
saturation, yet the temperature of the air made considerable difference 
in the rate of solution ; in summer it was much quicker than in winter. 

(iv) In the washing of precipitates obtained by double saturation 
it is necessary to use water saturated with the same salts as has been 
used to obtain the precipitate. The method I adopted in the preparation 
of these doubly saturated solutions was to take the saturated solution 
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_of one salt and then add to it excess of the other. It is also necessary c 


(as is shown by the example given above in the case of the ammonium 


_ chloride and potassium nitrate) to saturate the water with the salts in 


the same order as that in which the serum has been saturated, as the 
precipitate may be soluble in water saturated in the opposite order, 
and this often contains the salts in different proportions. 

In solutions containing three salts still more complicated relations 


are observed ; but it is not necessary here to enter into these as I have 


not yet employed, except in one or two cases, the method of triple 
saturation. | 

Having thus discussed the general methods I have adopted in these 
experiments, and the general principles of saturation and double 
saturation, it will now be convenient to take one by one the salts 
given in the above list. 

1. Magnesiwm Sulphate. Concerning this salt I have but little to 
add to what Hammarsten has already written about it. As was 
previously stated in the first part of this paper, saturation is not 
completely effected by merely shaking the bottle containing the serum 
and excess of the salt with the hand for a few minutes. But after 
such a- bottle has been shaken for about three hours saturation is 
complete ; addition of more magnesium sulphate to the filtered fluid 
produces no more precipitate. In the summer when my later experi- 
ments were performed, a shorter time would no doubt have been 
sufficient : still no harm was done by having the mixture shaken for 
the full three hours, and therefore in all cases this was the period 
of time adopted. The machine used was an eccentric worked by one of 
Crossley’s small gas-engines: to this the bottle or flask containing 
serum and the magnesium sulphate was firmly tied. It swung back- 
wards and forwards one hundred times in a minute, and its excursion 


was fourteen inches, This machine was used not only for saturation 


with magnesium sulphate but also with each of the other salts used. 

But although to obtain complete precipitation of the serum globulin 
it is necessary to completely saturate the serum in this way, yet 
to obtain an indication of the presence of a globulin such a long course 
of procedure is not necessary: and the easiest method of applying 
it as a qualitative test is as follows. Pour some saturated solution 
of magnesium sulphate into the bottom of a test tube, and on to the 
surface of this dense fluid pour the liquid suspected to contain globulin ; 


this readily floats-on the magnesium sulphate solution, and at the 


junction of the two fluids a ring of precipitate appears if globulin 
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is present. But although this test is a ready one, it is not very 
delicate. I have found that a liquid containing 1:07 grammes of serum — 
globulin in 100 c.c. of water is the weakest that will give the test; 
roughly speaking, the strength of the solution must be over 1 i | 
cent, 

On referring to Table IIL (p. 160) it will be seen that the precipitate 
produced in blood-plasma by saturating it with magnesium sulphate 
contains fibrinogen, while referring to Table IV. it will be seen 
that the filtrate, after the separation of the magnesium sulphate preci- 
pitates from plasma, contains none. Magnesium sulphate then not only 
completely precipitates serum globulin but it also completely precipi- 
tates fibrinogen in such a form that water redissolves it. Though no 
doubt this would be expected and even inferred from the general resem- 
blance of these two bodies, and from the fact that sodium chloride acts 
very similarly on each, I cannot find the fact stated in any text-book or 
monograph, It may therefore now be taken as certain that precipita- 
tion of fibrinogen from a solution is brought about by saturation of that 


solution with magnesium sulphate. 


2. Sodiwm Sulphate. In the consideration of this salt, that of 
another salt in the list given a few pages back must also be included. 
That salt is sodic-magnesic sulphate, | 

The action of sodium sulphate in hindering the coagulation of 
the blood has been long known, but it is not so generally known that : 
this salt is also in part productive of the precipitation from the serum of 
certain of its proteid constituents. 

Denis‘ makes the following statement :—“I found a better 
means of isolating serine since the publication of my ‘Etudes, It 


consists of saturating at 50° with powdered sulphate of soda either 


plasma deprived of its plasmine, or serum from which the dissolved 
fibrin’? has been removed by the aid of sulphate of magnesia, When 
the liquid has taken up at 50° all the sodium sulphate it can dissolve, 


‘serine is precipitated. It is necessary to filter it at the same tempera- 


ture; it collects on the paper as a white precipitate, and is easily 
soluble in water.” 

This seems to have been entirely forgotten until the fact that 
sodium sulphate produces a precipitate of serum albumin from a 
solution already saturated with of was rediscovered 


1 Denis, loc cit. p. 39. 
2 By ‘‘ dissolved fibrin” Denis meant what we now know as serum globulin, 
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by Professor Schéfer' in 1880. Schifer did not however obtain 
complete precipitation of serum albumin by this salt. 

My own results were as follows. When sodium sulphate was s added 
to serum to saturation, and the mixture shaken for any number of 
times, there was no precipitate produced. 

When serum which had been previously saturated with magnesium 
sulphate, and from which the so-precipitated globulins had been re- 
moved, was saturated with sodium sulphate there was an abundant 
precipitate produced. _ Half saturation produced no such effect, and the 
addition of very large quantities of saturated solution of sodium 
sulphate to serum already saturated with magnesium sulphate also 


produced no precipitate. 


_ My earlier experiments coincided with those of Professor Schafer: 
that is, after filtering off this precipitate a residue of coagulable proteid 
was present in the filtrate. But I found afterwards that the reason 
was, I had not shaken the liquid and the salt together long enough. 
The element of time is a very important factor in the precipitation 
of these bodies: and I found that after shaking the liquid (ie. serum 
saturated with magnesium sulphate, the globulin being filtered off) 

with excess of produced sodium sulphate for a sufficient length of 
time, complete precipitation of the serum albumins takes place. What 
this length of time was I found by filtering the mixture at intervals 
of three hours, and then continuing the shaking if the filtrate contained 
any proteid; finally after nine hours’ shaking on the average in March, 
and four to six hours’ in July with the thermometer nearly at 30°C., a 
filtrate was obtained clear, colourless, syrupy in consistence, and 


_ absolutely free from proteid, as tested by the xanthroproteic reaction. 


It is not then necessary to raise the temperature to 50° as Denis did. 

This result I have now confirmed over and over again. I have 
obtained-it with the serum of the sheep, horse, ox, cat, rabbit, and dog, 
and also with hydrocele, pericardial, ascitic, and pleuritic fluids. 

The precipitate which is left on the filter consists of the three serum 
albumins together; it can be dissolved by adding water. From this 
watery solution it cannot be precipitated by either magnesium 
sulphate or sodium sulphate, but by double saturation with the 
two salts it can be completely reprecipitated. 

In this way the serum albumin can be obtained in a state of 
comparative purity: there is however a certain quantity of the salt 


1 Schifer, loc. cit. p. 184. 
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used adhering to the white precipitate of proteid matter. On adding 
distilled water a solution of the substance is obtained with readiness. 
It is insoluble in water saturated with the two salts used. __ " 
If some of the solution obtained by adding distilled water be 
submitted to dialysis no precipitation takes place. 
By a process of fractional heat-coagulation applied to this solution 
the three proteids of which serum has ‘been shown to consist can 


_ be again separated: in the case of rabbit’s serum, the temperatures 
of coagulation being 73°, 77° and 84°. In the case ‘of sheep's 


serum it will be remembered that the serum albumin consists of 
two proteids only, coagulating at the temperature of 77° and 84°C. 
This is also found to be the case in the sella serum albumin prepared by 
the process of double saturation. 

In these experiments the serum of the shi and rabbit has 
been chiefly employed, the former being taken as an example of 
an animal whose serum albumin consists of two proteids, the latter 
as one whose serum albumin consists of three. 

With a view of seeing in what order the serum albumins are precipi- 
tated by this process of double saturation, the following experiment 
was performed and — several times in the case of the — and 
rabbit. 


(i) Sheep’s serum was obtained siithady clear, and then saturated with 
magnesium sulphate by shaking it with excess of that salt for three hours ; 


the precipitate of serum globulin so produced was filtered off. 


The filtrate was shaken for three hours with excess of sodium sulphate : 
at the end of this time an abundant precipitate so produced was filtered off 
and reserved for examination (a). 

The filtrate was found still to contain much coagulable albumin, and so it 


was again shaken with excess of sodium sulphate for another three hours ; 


again another precipitate was produced; this also was filtered off and 
reserved for examination (5). 
The filtrate was found to contain still a small quantity of coagulable 


3 proteid, and so it was again shaken with excess of sodium sulphate for 


another three hours; at the end of this time, a small amount of precipitate 


was produced ; this was filtered off and reserved for examination (c). 


The filtrate was found to contain no proteid. 

There were then three precipitates to be examined, collected at sapien of 
three hours : they were washed with water saturated with the two salts used 
until the washings contained no albumin ; distilled water was then added, 


and so solutions of these bodies obtained. 


The solution of a was of a light straw colour, perfectly desk. neutral : it 
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was rendered. faintly acid, and then wahenibted ‘to: the proces of heat 
coagulation, the result of which was that 
at 73°C. there was opalescence, 
at 76°-77° C. a flocculent precipitate ; this was filtered off: the filtrate 
was clear, and neutral: it was again rendered faintly 
acid, and 
_, sh 812? ¢ flocculent pp. occurred ; this was filtered off; the filtrate 
contained no proteid.. 

The sohution of 6 was clear, colourless and neutral; it was copies 
slightly acid. By heating it was found that at 77°C. a flocculent precipitate 
fell down ; it was filtered off: the filtrate, clear and neutral, was found to 
contain no proteid. 

‘The solution of ¢ resembled that of 5 in - being clear, neutral, and 
colourless: it was rendered slightly acid:: and at 77°C. a slight amount of 
flocculent precipitate appeared, which being filtered off left. a filtrate elear,. 
colourless, neutral and containing no proteid. | 

(ii) With rabbit's serum, by similarly collecting the precipitates at 
intervals of three hours, three precipitates. were obtained which we will: 
again call a, 6, and ¢. These were washed with water saturated with both. 
salts, and then dissolved by the addition of water: the solution of a gave- 
precipitates at 73°, 77° and 84°C.: of bat 73° and 77°C.: and of ¢ at 
73° only: the last precipitate being very small in quantity. | 

The conclusions that one draws from these experiments are, that 
double saturation with these two salts precipitates. all forms. of serum: 
albumin, and precipitates them equally; and that the proteids. with — 
higher coagulation temperature being smaller in amount than those 
with lower coagulation temperatures require less time for their complete 
precipitation. Thus the proteids that separate in the later hours of the 
experiment consist wholly of the proteid coagulating at the lowest point 
(77° in the case of the sheep, 73°C. in that of the rabbit), since there 
is too much of this present for it all to come down in the first hours of 
the shaking, though.a good deal of it also comes down then. 

We may therefore state it as a fact that the double saturation of the 
serum by the two salts, magnesium sulphate and sodium sulphate, 
completely precipitates from it all the proteids contained therein. We 
have now to seek an explanation of this fact. Either salt alone will not 

precipitate serum albumin, but both together will. Two explanations 
seem possible: one is that the mere presence of magnesium sulphate 
enables sodium sulphate to precipitate serum albumin without the 
formation of any new compound; the other is that when magnesium 
sulphate and sodium sulphate come together, a new compound is formed, 
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: | and this it is which has the power of precipitating serum albumin. The 
first explanation is negative, and therefore vague and unsatisfactory . 
' the second is more reasonable and en and I will now endeavour 

, _ to show that it is the correct one. 
| The formula for magnesium sulphate is MgSO,.7(H,O); that is, it 
unites with seven molecules of water of crystallisation. It is a well- 
known fact’ that magnesium sulphate forms with the alkaline sulphates 
double salts in which the alkaline sulphate takes the place of one 
molecule of water of crystallisation: thus K,SO, + is 


potash double salt. 

| Here then is a ready explanation for the weit obtained: when 
| sodium sulphate is added to magnesium sulphate the double sulphate 
¢ of soda and magnesia is formed, and this it is which precipitates the. 


serum albumin. Here also we have a ready means of accounting for the — 
long time that the precipitation of the serum albumin takes by this 
method ; the substitution of one molecule of water by one of sodium 
eulilinde is a slow process at the temperature of the air: hence he 
precipitation of serum albumin by it must be similarly slow. 7 

Having thus theoretically obtained an explanation of the behavior 
of these two salts, the next thing to do was to put it to the test of 
experiment: accordingly I obtained some of this double sulphate, and 
then tried what its effeet om the serum proteids was. 

Sodio-magnesic sulphate (MgNa, (SO,), . 6H,O) separates in 
hedral crystals from the liquor obtained in the preparation of Epsom 
salts. It dissolves in three parts of cold water, is permanent in the air, 
decrepitates when heated, and. gives off its water without melting. 
Being thus a eommereial by-produet it is not a difficult salt to obtain. 
Some solution of serum albumin was prepared ; and this salt was added 
to saturation. It is a readily soluble salt, and saturation is effected in a 
few minutes by merely shaking the flask containing it and the liquid 
with the hand; an abundant precipitate is thus produced, which is 
found to be serum albumin; on filtering it off the filtrate is found to 
| contain no proteid. Half saturating a solution of serum albumin with 
le this salt produces no precipitate; when it is three-quarters saturated 


ot precipitation begins, but is not complete till complete saturation is 
ns attained. When added to serum to saturation, sodio-magnesic sulphate 
te precipitates all the proteids therefrom, and the filtrate is free from 
1e proteids altogether. 

m 


1 Roscoe’s Elementary Chemistry, p. 192. 
d, 2 Watt’s. Dictionary of Chemistry. Article Sulphates.” 
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Half. saturation produces an abundant precipitate in the serum ; 


this is found to consist wholly of serum globulin But this method does — 


not completely precipitate the serum globulin, That some still exists in 
solution may be shown in two ways; serum is half saturated with 
sodio-magnesic sulphate: this is done by mixing a certain volume of 
serum with an equal volume of saturated solution of the double salt: 
the precipitate so produced is filtered off; the filtrate is taken and 
either subjected to dialysis or saturated with magnesium sulphate. By 


either method a precipitate is — showing that globulin exists in 


solution in this filtrate. 
_ After serum has been etna’ with magnesium sulphate and the 
serum globulin filtered off, the filtrate may be saturated with the double 
sulphate of sodium and magnesium: in this way an abundant pre- 
cipitate is immediately produced which is found to contain all the 
remaining proteids of the serum, that is all the serum albumins. 

In this way we have at least one method of precipitating serum 
albumin in an uncoagulated condition, I shall presently have to show 

that this is not the only way. 
Hoppe-Seyler’ makes the following statement: “serum albumin is 


soluble in distilled water, and cannot be precipitated from this solution 


without undergoing chemical changes.” This statement is no longer 
correct: it has long been known that potassium carbonate* when added 
nearly to saturation to a solution of any proteid will precipitate there- 
from that proteid without coagulating it. This I have confirmed with 
regard to serum. When serum either before or after saturation with 
magnesium sulphate is saturated with potassium carbonate, a complete — 
precipitation of the proteids occurs, the filtrate being clear, limpid, and 
free from proteid. -The precipitate produced is readily soluble in water: 
this watery solution can be neutralized by acetic acid: the first effect is 
evolution of carbonic acid gas. After neutralisation the same series of 
proteids can be obtained by fractional heat-coagulation, as has been 
before dwelt upon. 

Not only will potassium carbonate act in this way, but, as I shall 
presently show, potassium acetate and potassium phosphate act in a 
precisely similar manner. Moreover, by the process of double saturation 
with several pairs of salts, one of which we have already considered, the 
precipitation of serum albumin is also possible. 

Hence Hoppe-Seyler’s statement is abundantly contradicted, 


| Hoppe-Seyler, Physiologische Chemie, u1. Theil, p. 424. Berlin, 1879, 
2 Gamgee’ 8 Physiological Chemistry, p. 13. 
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- Hoppe-Seyler’ also states that-serum albumin can be precipitated 
by means of several salts of the heavy metals but that it is at the same 
time coagulated. This I have confirmed with regard to copper sulphate, 
silver nitrate, lead sub-acetate, and mercuric chloride; the same result 
is obtained whether the solutions of these salts be added to serum 
simply, or whether that serum has beén previously saturated with 
magnesium sulphate: namely a complete precipitation of all the 
proteids in a coagulated condition. 

3. Sodium Nitrate. When serum is saturated with this salt an 
abundant precipitate of a proteid matter is produced. This precipitate 
was thoroughly washed with saturated solution of sodium nitrate until 
the washings contained no proteid: it was then dissolved by adding 
water. The resulting solution was faintly opalescent; the proteid in 
it coagulated entirely at 75°C., was completely precipitated by 
magnesium sulphate added to saturation, and by dialysis an abundant 
precipitate was produced. It was therefore concluded that the pre- 
cipitate produced by saturating serum with this salt consisted of 
serum globulin. The next question was, Does sodium nitrate completely 
precipitate globulin? The answer is in the affirmative, but this method 
is not nearly such a ready one as Hammarsten’s, that is, by magnesium 
sulphate. A solution of pure globulin prepared from horse serum was 
taken and sodium nitrate added to saturation; after 5 hours’ shaking 
there was an abundant precipitate, but the filtrate contained a trace of 
proteid still; after 3 hours’ more shaking, this trace was also precipitated, 
and the filtrate was free from proteids. Serum was shaken for 8—10 


hours with sodium nitrate, and the resulting precipitate filtered off; 


the filtrate was submitted to dialysis and no precipitation occurred. 
Not only does sodium nitrate precipitate serum globulin, but if the 
serum. has been previously saturated with magnesium sulphate, and the 
globulin filtered off, the saturation of the filtrate with sodium nitrate 
causes an abundant precipitate ; this is found to be serum albumin. It 
is soluble by the addition of water. Does it completely precipitate the 
serum albumins? The answer again is, Yes; but the process is an 
extremely slow one; eighteen to. twenty and in some cases thirty hours’ 
shaking is required to effect the precipitation. This result I have 


confirmed with the serum of the cat, rabbit, ox, and sheep, and with © 


pleuritic fluid, 
The following are ihe particulars of the experiment in the case of 
sheep’s serum :— 


1 loc. cit. 
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Sheep’s serum was shaken with magnesium sulphate, and the precipitate 
of serum globulin so produced was filtered off; the filtrate was shaken for 
eighteen hours with excess of sodium nitrate ; the precipitate produced was 
collected at intervals in three lots; the final filtrate contained no proteid. 

The precipitates were washed with water saturated with both salts and 
dissolved by adding water. 

The first precipitate collected after three hours’ shaking was washed and © 
dissolved; by fractional heat-coagulation coagula were found to occur ” 
73°—4° and 83°C. 

The second precipitate, collected after five hours’ more shaking, was 
‘similarly found to coagulate at 77°C. The third, collected after ten hours’ 
more shaking, was very small in quantity and coagulated at 77°C. 


We here see, as in the case of double saturation with magnesium _ 
sulphate and sodium sulphate, that both the varieties of serum albumin 
in sheep's serum are precipitated equally by this method, only the pre- 
cipitation of that coagulating at 83°C. is accomplished sooner because 
there is not present so much of it as of that which coagulates at 77°C.. 
It will be seen in the above experiment that the first precipitate con- 
tained a proteid which coagulated at 73°—4", not at 77°C. as one would: 
expect: this lowering of the temperature of coagulation is due to the 
admixture of a certain amount of sodium nitrate with the liquid. That 
sodium nitrate has a very marked effect in lowering the temperature of 
coagulation of proteids, especially when present in large: quantities, is 
shown by the following experiment : 


Sheep’s serum was first saturated with magnesium and filtered ;: 
the filtrate was saturated with sodium nitrate and shaken for three hours; 
by this means a large amount of the serum albumin was precipitated, but: 
still a large amount remained in solution; the precipitate was filtered off,. 
and the filtrate was found to be faintly alkaline. This was heated (no acid 
betng added), and at | 
45°C, opalescence appeared, 
55° C, abundant flocculent precipitate, in water, 
77°C. small amount of precipitate. 
In a portion of this liquid rendered faintly acid in the usual way, the 
following took place on fractional heat coagulation : 
60° opalescence, 
65°C, flocculent precipitate, 
77°C. slight amount of flocculent wiieleiie: 
In another specimen diluted with an equal amount of water, the 
following was the result: 
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63° opalescence, 
68° flocculent precipitate, 
77° flocculent precipitate. 
In a fourth specimen diluted with an equal amount of water and 
rendered faintly acid as usual, I obtained the following result : 

65° opalescence, 

73° flocculent precipitate, 

79° flocculent precipitate, small in amount. 


These experiments, and several more of a similar kind which might 
be quoted, are sufficient to show the influence that sodium nitrate has 
in lowering the heat-coagulation temperature of proteids. The very low 
temperature at which coagulation occurs in the undiluted, faintly alkaline 
liquid reminds one of the similar results obtained by Hammarsten and 
Schafer in the temperature of coagulation of serum globulin when 
serum is imperfectly saturated with sodium chloride and magnesium 
sulphate respectively; these experiments have however been fully 
referred to in the former part of this paper. It seems that when serum 
saturated with magnesium sulphate is imperfectly saturated with sodium 
nitrate a similar condition occurs with regard to serum albumin; that 
is, it is less soluble in such a solution when hot, than it is when that 
solution is cold. It will be presently seen that potassium nitrate has 
also some effect in lowering the temperature of heat-coagulation. | 

The chief fact. that these experiments with magnesium sulphate and 
sodium nitrate brings before us is, however, that double saturation of 
the serum with them will bring about in course of time a precipitation 
of the serum albumins. The question is how to explain this; and here 
I am not able to supply an answer as exact and conclusive as I was able 
to do in the case of the double saturation with magnesium of sodium 
sulphates. Analogy would suggest that a similar double salt is formed ; 
that is, one or more molecules of sodium nitrate replaces one or more of 
the seven molecules of water of crystallisation that magnesium sulphate 
holds; and this double salt. it is which precipitates the serum albumin. 
That this is the fact is confirmed by the immensely long time that 
double saturation with these salts takes to bring about complete pre-— 
cipitation of the albumins. 

In the case of other pairs of salts which I shall have to allude to 
later on as producing precipitation of serum albumin, it will be con- 
venient to state here once and for all that the formation of a new com- 
pound. is. what probably takes place in all cases, though at present I am 
not: prepared to substantiate this assumption except in the case in which 


ay 
Lay 
‘a 
4 
r 
“4 
fr. 

: 

ay 
wag 

ad 

a 

¥ 


186 W. D. HALLIBURTON. 


I have already fully done so: namely t in case of the ‘ilahatin of sodium 
and magnesium. 

4. Ammonia Alum. This salt, which is the double sulphate of 
ammonium and aluminium, has like all the alums an acid reaction. 
When serum is saturated with it no precipitate is produced, but the 
serum becomes thick, treaclish in consistence, and faintly opalescent.” 

When the serum has been previously saturated with magnesium 
sulphate, and the globulin so precipitated has been removed, saturation 
with ammonia alum produces an abundant white precipitate ; this can 
be filtered off, and the filtrate is free from proteid. This result I have 
obtained with the serum of the sheep, ox, and rabbit. 

If the precipitate be not left too long in contact with the ehtees 
it can be redissolved by water. Mere shaking with the hand is sufficient 
to produce complete saturation with the salt, and therefore complete 
precipitation of the serum albumins. If this be filtered immediately, 
the precipitate can be entirely redissolved by water; if however it is left 
a long time in contact with the salt, the precipitate is thereby rendered 
partially insoluble in water. This therefore is a much quicker way of 
precipitating serum albumin than by either of the methods just de- 
scribed ; there is but little difficulty in ehoaning a completely soluble 
precipitate. 

When this precipitate is redissolved by adding water, there is also 
dissolved at the same time much of the adhering alum; this renders 
this solution of the precipitate acid, and by fractional hischsboegiilideon 
in the case of rabbit’s serum, coagula were found to occur at 68°, 77° and 
84°C. The low temperature of the first precipitation was due to the 
acidity of the liquid. The liquid cannot be rendered less acid by means 
of an alkali, since the addition of an alkali to the liquid precipitates 
alumina. I therefore sought to get rid of the acid by means of dialysis. 

Dialysis however was found to produce a very remarkable and puzz- 
ling result. The dialyser that 1 have employed in this and in other experi- 
ments was of the following kind’:—the ends of about six inches length of 
dialysing tube are closed with india-rubber corks, one of which is per- 
forated by two glass tubes; of the two tubes, the longer must reach to 
the lower cork and be bevelled; the other must be cut off short: 
through this arrangement a current of water can be sent from the tap. 
This tube is placed in a narrow cylindrical vessel not much larger than 
the tube: in this vessel outside the we dag: tube is placed the — 
to be dialysed. 


1 Sanderson’s Practical Exercises in Physiology, 1882, p. 60. 
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The solution. of precipitate produced by alum was dialysed in this 
way for twenty-four hours, at the end of which time an abundant 
precipitate was produced. This was filtered off; the filtrate was still ° 
slightly acid, and contained only a trace of proteid. The precipitate 
was found to be proteid ; it could not be globulin, since that had all been 
‘previously removed by magnesium sulphate; therefore it must have 
consisted of serum albumin. 

Having obtained this result with the serum of the ox and rabbit I 
instituted a series of experiments to determine the —— of the 

occurrence, 

The precipitate produced in this way by dialysis was found to be in- 
soluble in water, in weak acetic acid, and in saturated solution of alum. 
It was. soluble in nitric acid: this solution was boiled and ammonia — 
added: a deep orange colour was developed. This showed that the 
precipitate consisted of proteid. Two control experiments were per- 
formed; first, a weak solution of alum containing no proteid was 
siindiaely dialysed : no precipitate occurred; secondly, serum albumin 
dissolved in weak alum solution was afiowed to stand, without being 
oe no precipitate took place. 

These experiments conclusively proved that the precipitate consisted 
of serum albumin though in an insoluble form, and that such precipitate 
is produced by dialysis. : 

The explanation was found by the following experiment :—ox serum 
was saturated with magnesium sulphate, and the precipitate of serum 
globulin so caused was filtered off. To this filtrate saturated solution 
of alum was added drop by drop; it was found that the addition of a 
small quantity of saturated solution of alum caused an abundant pre- 
cipitate. The precipitation of the proteid was however not complete ; 
the filtrate after filtering this off still contained proteid. The addition 
of more saturated solution of alum redissolved the precipitate. It is also 
soluble in water but with slight difficulty. If after adding the quantity 
of alum sufficient to produce a precipitate the precipitate was allowed 
to stand for five or ten minutes, it was thereby rendered much more 
insoluble ; large quantities of saturated solution of alum were necessary 
to redissolve it, and even then the solution was opalescent. 

The particulars of the experiment are as follows: 

5 cubic centimetres of ox serum previously saturated with magnesium 


sulphate were taken, and to this was added saturated solution of alum from 
a burette. 


In the burette used, thirty- six drops went to the cubic centimetre. In 
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round numbers 100 parts of water dissolve 5 parts of ammonia alum'; that is 
to say, a cubic centimetre of the solution contains ‘05 grammes of alum, and 


‘ a drop with the burette used, one thirty-sixth of this amount. 


2—9 drops were added to five cubic centimetres of the liquid : no effect. 
10 ” ” ” ” ” : opalescence. 
15 » Sets into an 
almost solid mass. " This was allowed ‘cs stand some time, and after 
the addition of 12 cubic centimetres of the saturated solution an 
opalescent solution was formed. 

When the alum solution was added quickly, three cubic centimetres 
added to the same amount of similarly treated serum as above (i.e. 5c.c.) 
produced a precipitate which was quickly redissolved: when two cubic 
centimetres of alum solution were used the liquid still remained cloudy. | 


The result of this experiment is, that the addition of a minute 
quantity of alum to serum already saturated with magnesium sulphate 
produces an abundant precipitate of the serum albumin; this is re- 
dissolved by excess of alum, but again completely precipitated by 
saturation with the salt. 

Hammarsten’ obtained a somewhat analogous result with sodium 
chloride in the case of globulin. He found that if a very small quantity 
of common salt (from 0°03 to 0°7 per cent.) be added to a feebly alka- 
line solution of paraglobulin this body is precipitated: but on the 
further addition of the salt the precipitate redissolves, only to be again 
precipitated when the amount of sodium chloride exceeds about 20 per 
cent. 

How can this fact however explain the precipitation by dialysis ? 
When water is added to the precipitate of serum albumin produced by 
saturation with alum a solution is obtained; but the water dissolves 
not only the serum albumin but also much of the alum adhering to it. 
This solution is submitted to dialysis ; by dialysing much of this dissolved 


alum passes off with the stream of water; this goes on until a very 


small quantity of alum is left, until in fact that quantity of alum is left 
which we have just seen is sufficient to precipitate serum albumin, The 
insoluble nature of this precipitate is accounted for by the long contact 
of it with the precipitant. That a small quantity of alum is still 
present is shown by the faintly acid reaction of the liquid, and also by 
the fact that addition of ammonia and ammonic sulphide produces a 
white precipitate. 


1 The exact numbers are 5°22 at 0° C.: 4 ‘2at 100°C. Watt's Sitesbinery of Chemistry. 
* Hammarsten, Op, cit. Zweiter 
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5. Potassium Iodide, When this salt is added to saturation to 
simple serum no precipitate is produced, but the liquid is thick and 
syrupy, much as it becomes by similar saturation with ammonia alum. 

When this salt is added to saturation to serum from which the 
globulins have been removed by saturation with magnesium sulphate, 
and the mixture is shaken for three or four hours, an abundant 

precipitate is produced—not white and flocculent, but semitransparent 
and gelatinous in appearance. It can however be easily filtered off. It 
is readily soluble in water ; from this solution by heat-coagulation the 
albumins comprised under the name serum albumin can be readily 
separated. The filtrate is clear, neutral, and generally faintly coloured 
by free iodine, which colouration increases by keeping. When this 
filtrate is rendered faintly acid and boiled, no precipitate occurs; by 
this test at least it contains no proteid. The xanthoproteic and Millon’s 
tests cannot be tried in this liquid, because of the presence of potassium 
iodide. It is however probable that double saturation with magnesium — 
sulphate and potassium iodide produces complete precipitation of serum 
albumin. 

6. Sodium Acetate. When serum is saturated with this salt there 
is an abundant precipitate; when this is collected and examined it is 
found to be soluble in water; from this watery solution it can be re- 
precipitated by dialysis, or by saturation with magnesium sulphate; it 
also coagulates at 75°C. This precipitate therefore consists of serum 
_ globulin. Sodium acetate precipitates serum globulin completely ; 
some four to six hours’ shaking is necessary to ensure complete 
saturation, and so complete precipitation of the globulin. After this 
time, if the precipitate be filtered off, the filtrate can be proved to be 
free from globulin either by dialysis or by saturation with magnesium 
sulphate : in either case there is no precipitate. 

A solution of pure horse globulin was made, and saturated with 
sodium acetate: after about ten hours’ shaking this was filtered, and 
the filtrate found to be free from proteid. 3 
When sodium acetate is added to serum from hich the globulins 

have been precipitated by saturation with magnesium sulphate, and 
removed, there is no precipitate produced. Sodium acetate takes no — 
part in the precipitation of serum albumin. | 

7. Sodium Carbonate. What has been said for sodium acetate may 
be repeated mutatis mutandis for sodium carbonate: it completely 
precipitates serum globulin from serum; but it takes no part in the 
precipitation of serum albumin therefrom. It is slower in its action 
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than sodium acetate; some twenty hours’ shaking being necessary to 
ensure complete precipitation of the serum globulin. 

When added to serum after saturation with magnesium sulphate 
there is an abundant white precipitate ; this may be collected and 
washed. It consists entirely of magnesia and carbonate of magnesia, 
and contains no proteid whatever; the proteids are all in the filtrate. 

8. Sodium Chloride. As is well known, this salt, when added to 
serum, produces an abundant precipitate in that liquid. 

When it is added to serum from which the globulin has been pre- 
cipitated by saturation with magnesium sulphate, and removed, it pro- 
duces no precipitate. 

Seeing how important is the element of time in the precipitation of — 
these bodies I tried a few experiments to determine whether an exceed- — 
ingly long time of contact of this salt with the serum might not effect 
complete precipitation of the serum globulin. 

Schmidt makes no reference at all to the element of. time. 
Hammarsten’ says that he never filtered until the mixture had stood 
twenty-four hours, in other experiments he had the serum and salt 
shaken for periods varying from a quarter of an hour to six hours. He 
says a quarter of an hour’s shaking is sufficient to ensure saturation, but 
admits that the longer the time he kept the salt in contact with the 
serum before filtering, the greater was the amount of precipitate he 
obtained. | | 

In my experiments, I took first a solution of pure globulin prepared 
from horse’s serum, and added excess of sodium chloride; after five 
hours’ shaking there was still abundance of globulin in solution; after 
five hours’ more there was still a trace; after five hours’ more there was 
still a trace; after three hours’ more, still a trace; in fact this trace 
seemed to be unprecipitable by sodium chloride however long the two 
were shaken together. 

I then took fresh horse serum and had it shaken with excess of 
common salt for twenty-four hours. I also examined some horse serum 
which had been standing for months’ in contact with excess of common 
salt. In both cases saturation with magnesium sulphate produced no 
precipitate. I therefore at first concluded that I had obtained complete 


1 Hammarsten, Erster Abschnitt, pp. 424—5. 

2 Sodium chloride apparently keeps serum from putrefying for an indefinite length of 
time. Magnesium sulphate has not such marked antiseptic properties ; after three or four 
weeks, bacteria, then moulds, _— to grow in the liquid, accompanying which is the odour 
of putrefaction. 
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precipitation of the serum globulin by means of sodium chloride, but 
on submitting both these liquids to dialysis, a small amount of pre- 
cipitation occurred in about twenty-four hours. I therefore concluded 
that not only does saturation with sodium chloride hold a small amount 
of globulin in solution, but it also prevents magnesium sulphate from 
precipitating that same small amount. It is however a very small 
amount indeed; a mere trace in many cases. After separating all the 
globulin possible by means of sodium chloride, subsequent saturation 


_ with sodium sulphate will precipitate all the remaining proteids in an 


unchanged form. 
9. Potassium dosate. This is a very soluble salt, and readily 
deliquesces in the air. In order to saturate serum with it, it is necessary 


- to use a vast amount. When added to saturation it completely pre- 


cipitates all proteids therefrom; it similarly precipitates all proteids 
from plasma, and this either before or after saturation with magnesium 
sulphate. 

10. Potassium Phosphate. This also when added to saturation 
completely precipitates all proteids from serum. When added to serum 
after saturation with magnesium sulphate it also causes an abundant 
precipitate of magnesium phosphate, so that the whole sets into a solid 
mass. When added however to a solution of the pure serum albumins 
it completely precipitates all of them. 

In the case of both acetate and phosphate of potassium the pre- 
cipitated proteids are soluble in water. 

11. Calcium Chloride. When this salt is added to saturation to 
serum a very abundant precipitate is produced. The precipitate is 
dense, flocculent, leathery, and perfectly insoluble’ in water. The filtrate 
contains no coagulable albumin, but contains a small quantity of proteid, 
as is shown by the fact that the xanthoproteic reaction can be still 
obtained. 3 

After saturation with magnesium sulphate the precipitate consists 
of proteid plus calcium sulphate. In fact most of the calcium chloride 


- geems to be concerned in precipitating the sulphate, so that the 


filtrate is never obtained perfectly free from coagulable proteid. 

12. Salts having no effect in precipitating the proteids of serum. 
These are sodium phosphate, potassium chloride, potassium chlorate, 
potassium nitrate, potassium sulphate, ammonium chloride and barium 

1In this case the anhydrous salt was first used; so that there was considerable 


evolution of heat on solution; but the insoluble nature of the precipitate is not due to 
this, as it is quite as insoluble when produced by the crystalline salt. 


PH. V. | 13 
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chloride. They neither precipitate the proteids in simple serum nor in 
that liquid previously saturated with magnesium sulphate. Some of 
these, e.g. sodium phosphate and barium chloride, form a precipitate 
with magnesium sulphate ; this must of course be carefully cabo novety 
from the precipitation of a proteid. 

Commercial barium chloride contains as a rule a ‘ane quantity of 
hydrochloric acid, and on adding this to serum the effect of hydro- 
chloric acid on proteids is produced ; namely, first a precipitation of the 
proteid, and then, on adding more, a re-solution of the proteid in the | 
form of acid-albumin. The pure salt must therefore be obtained and 

As was before stated when speaking of sodium nitrate, potassium 
nitrate has also some action in a the temperatures of heat- 
coagulation of proteids. 


In sheep’s serum, after double saturation with ‘sien sulphate and 
potassium nitrate, the temperatures at which the serum albumins were found 
to coagulate were as follows : | 
69° C. opalescence, 
74°C. abundant flocculent precipitate, 
81°--2° C. flocculent precipitate. 


The general conclusions that I have arrived at in the action of salts 
upon the proteids of serum of plasma are then as follows :— 3 

1, That serum globulin can be completely precipitated by means 
of other salts than magnesium sulphate; these are sodium nitrate, 


sodium acetate, and sodium carbonate. 


2. That magnesium sulphate emopieely precipitates fibrinogen 
from its solutions, 

3. That certain salts, not previously known to do so, completely 
precipitate all the proteids of serum in an uncoagulated condition. 
These are potassium acetate and potassium phosphate. 

4, That one salt, viz, calcium chloride, is to be added to the list of 
those which precipitate proteids in an insoluble form. 

5. That double saturation with certain salts will completely pre- 
cipitate all the forms of serum albumin which can be, separated by 


_ fractional heat-coagulation, The chief pairs of salts that act so are: 


magnesium sulphate and sodium sulphate, magnesium sulphate and 
sodium nitrate, magnesium sulphate and ammonic alum, magnesium | 
sulphate and potassium iodide, and lastly sodium chloride and sodium 
sulphate. 
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In the case of the first pair of salts this action is undoubtedly due — 
to the formation of double sulphate of magnesium and sodium. In the 
case of the others it is probable that similar double salts are formed. 


Addenda. 


1. Concerning the existence of Serum Casein. Hammarsten has 
clearly shown that what was formerly regarded as serum casein is really 
serum globulin. 

If however an alkali albumin or casein does exist in the serum it 
would be precipitated by means of magnesium sulphate, with the serum 
globulin; since both the casein of milk’ and the alkali albumin pre- 
pared artificially from egg albumin’ are completely precipitable by this 
method. 

If the precipitate srolienail in serum by magnesium sulphate be 
dissolved, and the solution rendered slightly acid and boiled, all the 
proteid is precipitated: none remains in solution. It can also be pre- 
cipitated at a temperature of 75°C. Under such circumstances, if a 
serum casein were present it would remain in solution after all the 
globulin was precipitated ; but there is no proteid remaining in solution. 

If a’serum casein did exist it ought to be precipitated by neutral- 
ising the serum, but as a rule no such neutralisation precipitate does 


appear, unless the serum be much diluted first. The precipitate 


produced by dilution and addition of acid is really globulin; it does not 
redissolve in acid so quickly as alkali albumin; moreover it can be 
collected, and then is found to possess all the characters of serum 
globulin. 

K. A. H. Mérner® has shown that sulphate of soda added to 
saturation to a solution of alkali albumin will precipitate it slightly. 
Sodium sulphate added to saturation to serum, as we have already seen, 
produces no precipitate; here we have additional proof that the blood 
contains no alkali albumin. This however must not yet be taken as an 
absolute proof since Soyka* has asserted that sodium sulphate has no 
such effect on alkali albumin. 

At present then the facts seem to be in favour of the non-existence 
of serum casein. 


1 Foster’s Physiology, 4th edition, p. 709. 2 Hoppe-Seyler, Handbuch, p. 244, 
3K. A, H. Moérner. ‘Studien iiber das Alkali Albuminat und das Syntonin,” 

Phliiger’s Archiv, Bd. 17, p. 541—2, 
* Soyka. ‘Untersuchungen iiber das Verhiltniss des Acid-Albumins zum Alkali 


Albuminat.” Pfliiger’s Archiv, Bd, xu. 
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2. Concerning the precipitation of the Colouring-matter of the Serum. 
During my work on the action of salts on the proteids of serum I have 
come across no special precipitant of the colouring-matter. This 
material exists in various degrees in different animals; in some, like the 
rabbit and monkey, it is nearly entirely absent ; in others, like the sheep 
and ox, it is abundant, giving the serum a dark amber colour. When 
the proteids are finally precipitated, whether by heat-coagulation or by 
the action of salts, the colouring-matter is precipitated also. 

_ During heat-coagulation about 65°—70°C. the colour changes to 
brown, and after the first precipitate has occurred the filtrate is of a 
lighter hue than the original serum: the next precipitate carries more — 
down, and finally a colourless filtrate is obtained. In a serum richly 
coloured, the occurrence of a colourless filtrate is often an indication of 
the complete precipitation of the proteids. In a light-coloured serum, all — 
the colouring-matter may have been carried down by the first precipitate. 
Certain salts which cause no precipitation of proteids often cause the 
change of the colouring-matter to brown which has just been mentioned 
as occurring at a heat of 65°—70°C. Barium chloride, potassium 
chlorate, potassium sulphate are instances of this. | 

By magnesium sulphate and the other salts precipitating serum 
globulin much of the colouring-matter is removed; if the serum 
globulin be redissolved by water the colouring-matter is dissolved also; 
and the solution is coloured and opalescent. The whole of the colouring- 
matter can be removed with the proteids by such salts as potassium 
carbonate, or potassium phosphate. After the removal of part of the 
colouring-matter with the serum globulin, the serum albumins can be 
precipitated by subsequent saturation with one of the salts already 
mentioned; this carries down the rest of the colouring-matter. The 
serum situate can be redissolved by the addition of water; this 
solution is coloured, but unlike that of globulin is clear, not opalescent. 
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OBSERVATIONS OF THE GASTRIC GLANDS OF THE 


PIG. By M. GREENWOOD, Girton College, Cambridge. (Plate 
VI) 


(From the Physiological Laboratory, Cambridge.) 


In 1870 a curious arrangement of the border-cells in the gastric 


glands of the pig was described by Heidenhain’. According to him, 
in the middle third of the course of these glands, the border-cells form 
@ ring around a tube of chief-cells; they are not in contact with the 
 chief-cells as they are in most mammalian gastric glands, but are placed a 
little distance from them, each enclosed in a capsule formed by a bulging 
of the basement membrane; the capsules surround the border-cells 
except for a small opening opposite the tube of chief-cells. 

F. E, Schiiltze* had previously described the border-cells in the dol- 
phin as being almost completely surrounded by connective tissue; he 
figures a less complete investment for the border-cells of the pig and of 
the fox, and mentions that a similar arrangement is to be met with in 
the gastric glands of some other mammals. He did not however describe 
the tube of chief-cells inside the border-cells, probably they had fallen 
out in his specimens, As far as I know, no other description of a cap- 
sular investment for the border-cells exists, and in the on'y other refer- 
ence to the gastric glands of the pig which I have been able to find’, the 
glands are figured as being of the ordinary mammalian type. In the 
absence of confirmation of’ Heidenhain’s. description it seemed worth 
while to investigate the structure of the stomach of the pig, and in the 


course of this investigation one or two peculiarities of structure have | 


shown themselves. 
In the following account I shall consider successively : 
A. The general structure of the stomach and of the gastric glands. 
B. The relative amounts of pepsin and rennet ferment contained by 
different regions of the mucous membrane. 


C. The changes which take place in the glands during secretion and 


the ae function of the different kinds of glands. 


1 Heidenhain, Arch. f. mic. Anat. Bd. v1. p. 898, 1870. 
4 Schiiltze, Arch. f. mic. Anat. Bd, ut. p. 178, 1867. 
_- * Nussbaum, Arch. f. mic. Anat. Ba. xxr. p. 296, 1882. 
PH. Y. 14 
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A. On the internal surface of the stomach of the pig four regions - 
are easily distinguishable by the eye. (Fig. 2.) 

(a) A small region surrounding the entrance of the ae raced and 
having like the oesophagus a many-layered epithelial coat, 

(b) A: region, taking up about one-third of the a a of the 
stomach, occupying the cardiac end. The mucous membrane here is not 
in the empty stomach thrown into folds; it is thin and, when observed 
soon after death, is semi-transparent and of a pinkish tinge: it contains 
simple glands only. (Cp. below.) 

(ec) A region occupying rather more than the middle third of the 
stomach. Here the mucous membrane is two to three times as thick as 
that of region (b), and is much folded in the empty stomach. It has a less 
decidedly pink tinge than that of the fundus, being indeed, on the 
surface turned towards the muscularis mucosae, of a dull opaque white 
(in the hungry state) owing to the granularity of the chief-cells present. 
It contains only complex glands. 

(d) The pyloric region, in which the mucous membrane again 

becomes thin, although not so thin as that of the fundus. Here the 
muscular coat of the stomach thickens considerably, and is more closely 
applied to the mucous membrane; in the other regions mentioned it 
shows no marked change in thickness. __ 
The simple glands of the cardiac end of the stomach resemble in 
hardly any particular the complex glands of the mid-stomach region. 
They differ indeed from all gastric glands which have yet been described 
and in the absence of any definite knowledge of their function, I shall 
call them the fundus glands. | 

The fundus glands are tubes with a wavy or corkscrew course, 
branching as a rule once or twice; sometimes apparently they are un- 

i branched. ‘hey have about the same diameter throughout, narrowing 
=e slightly however after division, but basally the gland-cells bound a 
ag smaller lumen. Between the glands, especially between their middle 
and lower thirds, more connective tissue is found than is usual between 
gastric glands. This connective tissue has very fine fibres and some 
amount of adenoid tissue is found with it; both it and the sub-mucous 
layer with which it is continuous, contain many leucocytes. In the sub- 
mucous tissue distinct lymph sinuses are not infrequent. 

From the muscularis mucosae thin strands of unstriated muscular 
tissue run up between the glands; muscular tissue however takes a less 
share in the building up of the glandular « coat in this than in any other 
region. 
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‘In passing from the mouth to the base of the glands the gland-cells 


gradually change character. In the upper third of the gland they are 


columnar to cubical mucous cells with a small remnant only of proto- 


plasm (Fig. 3); below are columnar cells in which the mucous change is 
more and more confined to the portion of the cell bordering the lumen 
(Fig. 4); and lower still and stretching to the bases of the glands come 


cells in which no mucous change is visible (Fig. 5). These are short, 


cubical, and have in their outer third, nuclei which are large relatively to 


the amount of cell-substance present, and which contain one or more 

_. evident nucleoli. These cells in the fresh state do not show any distinct 
- granules; on treatment with osmic acid they stain evenly throughout; 
on treatment with chromic acid a network in the cell-substance is, with = « 


some distinctness, seen; no border cells are present, I may. mention 
that leucocytes occur not infrequently between the gland-cells, (Fig. 5.) 

Such is the typical structure of the fundus glands. Passing towards 
the mid-stomach region however, while yet the simple gland type is found 


some small structural differences are noticeable. The mouths of the 


glands are farther apart, and perhaps in correlation with this, the glands 
branch more. The cells are throughout more columnar, and in 1_passing 
down the glands distinct signs of mucous aitteds cease sooner in the 
cells. 

_ The complex glands of the snidcdemank: region are more than twice 
as long as the simple fundus glands, They are separated from one another 
by rather thick bands of dense tissue consisting largely of unstriated 
muscular fibre continuous with that of the muscularis mucosae. These — 
bands run towards the surface of the mucous membrane diminishing in 
their course, and disappear or lose their characteristic form in the upper- 
most third of the glands, There is very little of. that fine connective tissue 


_ which forms so conspicyous a feature of the mucous membrane of the 


fundus. 

In its upper fourti., each gland divides dichotomously forming four 
to eight tubes, which lower give off at inconstant intervals branches with 
an irregular and often short course, complicated in many cases by small 
lateral diverticula (Fig. 6). Thus while in a transverse section through 


_ the upper part of a gland the separate tubelets are easily distinguishable, — 


a similar section taken through the middle third of a gland shows a few 


only of the tubelets distinctly ; the rest with their side diverticula cut 


through in various planes, form a mass of cells in which the tubular 

arrangement is by no means easy to make out. Towards the bases of 

the glands the number of branches and of final side sacculations rapidly 
14—2 
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diminishes, and in the deepest third of the mucous membrane one gland - 
is usually made up of four to six tubelets which have a more or less 
curving course. In the anterior part of this region the greatest com- — 
plexity of structure is found: passing towards the pylorus the glands be- 
come simpler and straighter. Connective tissue septa between the tube- 
lets run from the main trabeculae and bear the arteries and veins, and 
form by further division a membrana propria for each small tube. 

The complex glands corrégpond to the ordinary gastric (oxyntic) 
glands of mammals, containing both border- and chief-cells. When 
examined quite fresh without the addition of reagents the chief-cells do 
not show granules so distinctly as do the chief-cells of many other 
mammals, e.g. the dog and the rabbit; granules are however obvious on 
teasing out the cells in ‘6 p.c. salt solution. The chief-cells are first 
distinctly. recognisable i in the second quarter of the course of the glands 
and increase in number in passing downwards. In the anterior 
mid-stomach region they are the sole constituent of the bases of the 
glands, but passing towards the pylorus they are more or less completely 
replaced by mucous cells among which a few border-cells (absent from 
the bases of thé more anteriorly-placed glands) occur. Thus near the 
pyloric region mucous cells, single or in clusters, are found in the lower 
two-thirds of the length of the glands, often indeed forming the only 
constituent of their bases (Fig. 7). These cells are fairly typical 
mucous cells resembling closely those that occur in the salivary glands 
of mammals, in the oesophageal glands of the frog, and in the 
pepsin-forming glands of some other lower vertebrates; they have 
not hitherto, I believe, been noticed in any mammalian gastric gland. 
Heidenhain mentioned that in the pig in the same tube were to be 
found chief-cells staining readily with aniline blue and others staining 
little or not at all, and attributed this difference to differences in the 
functional state of the cells. Although in the various gland tubes some 
want of uniformity in secretory condition no doubt occurs, it seems 
unlikely that between glands-cells of the same tube any considerable 
difference should exist. More probably Heidenhain had before him 
unstained mucous cells and stained chief-cells and not chief-cells i in two 
secretory conditions. 

The border-cells vary in number and disposition from the mouth to 
the base of the glands, offering examples of most changes of mutual 
relationship between themselves and chief-cells, possible in one gland 
tube ; for sometimes they are placed side by side with the chief-cells 
tacktig the lumen; sometimes they lie quite outside the chief-cells and 
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not even touching them. They first occur a short distance from the 
surface of the mucous membrane as rather small cells among the 


ordinary columnar or cubical mucous cells of the mouths of the glands; 
lower, as the mucous cells diminish, they increase in number and size, 
and then, where the irregular branching begins, they are almost the only 
cell form present. This point marks the introduction of the chief-cells, 
and with their increase in number the border-cells leave the lumen, 
being probably in this region described by Heidenhain as quite out- 
lying the chief-cells and having each a special investment formed by the 
bulging out of the membrana propria. At first however a space between 
two chief-cells connects the receding border-cells with the lumen of 
the gland; lower they often form the final structures of the little 
glandular sacculations mentioned above, and these, at first sight, 
may seem to be separated from the lumen by closely packed chief- 
cells, Lower again, as they lie yet more externally, bulgings of the 
basement membrane (structurally intercellular continuations of the 
main supporting connective tissue) partially surround them (Fig. 8), but 
never cut them off from the chief-cells. Apparent isolation or separa- 


tion (and such does occur) seems due to extreme irregularity in the 
course of the gland tube and to its branching in various planes. 


I can then in the main confirm the description of Heidenhain; in 
a certain portion of the gland tubes the border-cells are situated 
outside the chief-cells, are not in contact with them, and are almost 
completely surrounded by bulgings formed by the membrana propria ; all 
stages however are to be found between this condition and that in which 
border-cells bound the lumen. In the specimens I have examined the 
externally lying ring of border-cells was never complete; the nearest 
approach to the arrangement figured by Heidenhain is given in Fig. 9. 

The shape of the border-cells seems to be in rest, elliptical. An 
evident and somewhat coarse network comes out in them under reagents 
generally used to bring out protoplasmic reticulations ; they not infre- 
quently contain two nuclei (spherical and conspicuous) and in the cells 
of the upper one-third of the glands more than two may be present. 

The pyloric glands apparently do not differ from those described as 
typical for other mammals: They branch once or twice and have, from 
mouth to base, a sinuous well-defined outline. Border-cells are not 


‘present. 


B In determining the relative amounts of pepsin and rennet 
ferment contained by the different regions of the stomach described 


4 
> 
W 
a 
3 
AS 
ly 4 
4 
1e 
+ ! 
2 
3 
iS 
e q 
d. 
4 
e 
e 
Au 
ag 
oh 
; 
d 3 
Ss 


200 @REEN WOOD. 


above, equal weights of the dried mucous membrane from each region 
were taken, and extracts of these made with HCl *4°/, in the proportion, 
of 100 vols. to 1 grm. dried stomach. The rate was then noted at 
which a definite quantity of the extract dissolved a definite quantity 
of fibrin (for pepe) or clotted a definite quantity of milk (for rennet 
ferment). 

It was found that the complex gland region of the widemvoidah con- 
tained very much more ferment, both peptic and rennet, than the simple 
gland region of the fundus which indeed yielded less than the pylorus. 
In the experiment given below in a stomach taken at the end of i 


= digestive period the relative amounts of pepsin found were: 


in region (6) simple glands of fundus 1, 
» (ce) pyloric glands 2, 
» complex glands of mid-stomach 80. 
- This result supports the view (Langley) that it is the granules of 
the chief-cells which give rise to pepsin. 

According to Langley’ in the gastric mucous membrane of the mole 
and of the rabbit the amount of pepsin contained in the fundus (here 
the most active region) is 70 to 80 times as great as that contained in 
the pylorus. In the pig the two corresponding regions show much less 


_ difference in pepsin-content; I attribute this to the fact that the 


number of chief-cells compared with other cell-forms is less in the 


complex glands of the pig than in the mole and rabbit. 


The relative amounts of rennet ferment are less easily determined, 


but my experiments as far as they go seem to show less difference 


between the regions differing so markedly in peptic power. Thus I 
find : 
amount in pyloric region 1, 
in region of complex glands 6. 
While again the simple fundus glands are less active than tine of the 
pylorus. 

In the experiment detailed below the pepsin-content of she complex 
glands in digestion was found to have diminished one-half as compared 
with that in hunger; in the pyloric and fundus regions no change in 
digestion seems to occur, at any rate none sufficiently great to be 
appreciable by the somewhat rough experimental methods used. 

From what has been said above it will be seen that the. simple 
glands of the fundus cannot play any important part in the digestion of 


1 Langley, Journ. Physiol. Vol. mt. p. 278, 1882. 
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proteids: further they rer -not active in clotting milk, and contain no 
appreciable quantity of ptyalin. Yet they occupy about one-third of 
the whole extent of the gastric mucous membrane (Fig. 1). It seems 
_ unlikely that they should exist did the membrane in which they are, — 
serve only for holding the food in the process of digestion, for greater. 
capacity for the stomach might, as in the rat, be obtained by having in 
the place of glands a simple layer of epithelium. Now in the pig the 
re-action of the fundus region examined in the living mucous membrane 
- in a chloroformed animal is, after the acid fluid of the stomach has been — 
gently washed. away with salt solution, found to be alkaline: the 
formation of an acid secretion here, as in other gastric glands, is confined 
to the glands containing border-cells which, there can be little doubt, 
are the sole “oxyntic” cells in the stomach. Do the fundus glands — 
cluanalin serve to pour forth a secretion, slightly alkaline, otherwise 
without characteristic principle merely for the purpose of moistening 
the food? This may be so, but that a special gland form should be 
~ required for such an end seems unlikely nor is there in digestion any 
considerable excess of fluid that would support this view. A union of 
these-two functions is of course possible, ic, the fundus region may 
serve to increase the size of the stomach, and at the same time its glands - 
may secrete a moistening fluid for the larger quantity of food contained — 
by it. At the same time it seems to me more probable that these 
peculiar glands have a special absorptive function. I think this chiefly 
on account of the lymphatic nature of the interglandular tissue which 
closely resembles the tissue found in the absorptive region of the small 
intestine ; and previous experiments have shown that a certain amount 
of absorption takes place in stomachs without this special arrangement. 
This however can only be determined by direct experiment. me 


EXPERIMENT. | 


_ Two young pigs were fed morning and evening for a week, then killed, ye 
one (A) 6 hours, one (R) 24 hours after feeding. 

The gastric mucous membrane was washed with NaCl ’6°/, and dried at 
about 15°C, Of the dried membranes of (R) and (A) respectively; equal 
weights were taken of the fundus region, pyloric region, and mid-stomach 
_region of complex glands. Digested for 6 hours at 35° 0, with HCl -4°/, in 
proportion 100 vols, HOl to 1 grm. mucous membrane. : 


Regions examined therefore for (a) Pepsin, (8) Rennet ferment were 
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(a) Pepsin. 
I. To show gee a action of equal quantities of the extract. 
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Times of examination, 

Tube. | amount of extract. | HCl.| Fibrin. 5’ 15’ 
1 | | VIL. In (1) fibrin dissolved. 
2 » ” 2 }>X. In (2) ” 
4 5» » (4 & 
In 5 and 6 action very 

3 

10 re 


II. To show sti of dilution necessary to make quantities of the extract 


digest at the same rate. 
“Ast. 
Times of examination. — 
Tubes. | amount of extract. HCl °4°, | Fibrin. 5’ 15° 
1, | 1 cooff)+|9 co} > VII. Deeper than stan- 
5 dard solutions. 
i, abt, IV Hardly 2 fibrin 
left. 
as great as 
ly 125 ,, » (1) + | 9875 | >3and4 |>3and 4, 
action slight } Action less than 
5 | 1, 4 ()+ 195 | 4 almost inactive | Almost inactive, 


Hence in the mid-stomach region, the mucous membrane contains sated 
twice as much pepsin in hunger as in digestion. 
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Further, 2nd. 
| Times of examination 
Tubes. | amount of extract.| HCl -4°/,| Fibrin.| 5’ 10’ 20° 30’ 
1 | ‘lee. of (1)+ | 99 ae. = VL 
3 2 (9 I Hardly 
3.8 3 
° 
Farther, Srd. 
Times of examination. 
Tubes. | amount of extract, | HCl -4°/, | Fibrin. 10 20” 
& 
1 | O5ec. of (1) + | 
2 2c.c. of (3)+ |8 ae a Hardly tinted about If. | der same, 
3 4c.c.0f (5)+ |6 ce. S | behind < I. 


That i is to say, as regards digestive activity on proteids 
, Complex glands .: Pyloric region :: 40 : 1. 
and Pyloric region : Fundus > 2 : 1. 
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(8) Rennet ferment. 
I, Unequal action of equal quantities, 
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cant Times of examination, 
amount 0 
Tubes. | extract. Na.Co, *1°/,| Milk. 10’ 15' 
” shrinking of clot} 
as not begun. on 
5 ” (5) $4 {slightly < 3 and 4.) 
6 6 a 3 <q 
g 22 
6 EA 
II, Comparison by dilution. 
Times of examination... 

Tubes. | amount of extract. | NaCl -6 07, | Milk, in 5’ 10’ 
‘Bec. of (1) + | 2500 almost = 2. 
‘25 c.c. of (1) + | 2°75cc, clot not firm. 3 
2 loc. of (2) + | Zee. S$ | clot firm but shrinking 3 

slight. 
3 3c.c. of (3) | firmest clot most shrunken.| § 


(The dilution was not carried down to equality with (5) (6) — had 
very slight action as far as they were examined.) 


From this it seems that complex glands : Pylorus < 6 : 
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©. Of the changes in secretion I have very little to say, Portions 

of the gastric mucous membrane taken six hours and twenty-four hours 
respectively after feeding were examined fresh and when hardened. 
The membrane of the mid-stomach region was much more transparent 
in the digestive (six hours) than in the hungry (twenty-four hours) 
animal, and the granules of the chief-cells (seen in teased-out fresh 
glands) were markedly fewer in number, decrease being most evident in 
the outer regions of the cells, (cp. Langley, and Langley and Sewal)). 
In the regions of other glands no distinct change was observable. 
_ On treatment with osmic acid the granules of the chief-cells were 
broken down apparently forming a diffused yellow-staining mass 
throughout the cell; and in sections of glands hardened in osmic 
acid the chief-cells in digestion stained rather more deeply than in 
hunger and showed the usual change of position of the nuclei. 

The border-cells seem to me to undergo in activity a change of form 
different from that described by Heidenhain for the dog; instead of 
bulging out more, from elliptical they become more pear-shaped | 
(Fig. 10) and more closely applied to the chief-cells, between two of | 
which opposite to the outlying border-cell a gap may often be seen—a 
gap not visible in the resting glands. Probably this indicates the path 
by which the secretion of the border-cells reaches the lumen of the gland 
tube. | 

How the secretion of border-cells does reach the lumen has always 
been a difficulty. According to Stéhr’ a process from the border-cells 
projects inwardly between the chief-cells, As a rule in the pig this is 
most certainly not the case. I have frequently tried to find out 
whether there were openings between certain chief-cells by forcing 
injecting material into the whole stomach or a portion of it; in no case 
however did the injected colouring matter reach the anden-calin its 
entrance even into the mouths of the glands being as a rule prevented 
by mucus, Other attempts to demonstrate such openings by treat- 
ment with silver nitrate have also failed,—the chief-cells except under 
prolonged action of the reagent remaining unstained. The experiments 
brought out however an interesting fact. The border-cells stained 
readily and deeply, the reducing portion of the cell being appeny 
the interstitial substance and not the network. 

Trying the effect of nitrate of silver with other glands I have 
found that where acid is Prone the cells stain, otherwise ala do not; 


Stohr, Arch. f. 1 mic. Anat. Ba. P. xx. 221, 1982, 
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thus in the frog the gastric glands reduce the silver, the oesophageal 
glands do not. This staining with nitrate of silver appears to be a 
special character of the oxyntic cells. 

I may briefly repeat the chief points in the foregoing account. 

The mucous membrane of the cardiac end of the stomach has during 
life an alkaline reaction, the glands contained by it are of a special kind 
not found elsewhere in the stomach. They are simple tubular glands 
with one or two branches, the cells at their bases are columnar and not 
obviously granular in life; in passing towards the mouths of the gland 
the cells acquire a larger and larger mucous zone. The mucous 
membrane of this‘region contains even less pepsin and rennet-ferment 
than that of the pylorus. Between the glands is a good deal of fine 
connective tissue and many leucocytes. Not improbably this — of 
the stomach is specially absorptive. 

The mid-region of the stomach is the only part which in life pours 
forth an acid secretion, and the only part which contains border-cells. 
It contains glands closely packed together, which branch frequently and 
in the middle-third of their course very irregularly, having moreover in 
this part of their course many short diverticula. The border-cells vary 
much both in size and position; some are placed side by side with the 
chief-cells facing the lumen, others are placed in the main outside the 
chief-cells, but connected with the lumen by an obvious space between 
the chief-cells ; others again, as described by Heidenhain, lie outside the 
chief-cells, at a short distance from them, almost completely enclosed in a 
capsule formed by the basement membrane of the gland, and have 
in rest'no obvious connection with the lumen. During digestion how- 
ever there is usually a space between the chief-cells opposite the 
outlying border-cells indicating the path of the secretion. The chief- 
cells of this region are coarsely though not very distinctly granular in 
life, in correspondence with this the mid-stomach region contains much 
pepsin,—for a given weight of the mucous membrane about 40 times as 
much as the pyloric region, and about 80 times as much as the cardiac 
region. It contains about twice as much pepsin in hunger as in 
digestion. 

Mucous cells also occur in the glands, they occupy sometimes 
partially sometimes entirely the bases of the glands, and occur singly or 
in clusters in the lower two-thirds of their course. The mucous 
membrane of this region is highly muscular, broad sheets of muscular — 
tissue running up from the muscular mucose and separating the 
individual glands; there is very little of the fine connective tissue which 
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‘forms a conspicuous feature of the mucous membrane of the cardiac end 


of the stomach. 
The border-cells here and in all other gastric glands investigated 
stain readily with silver nitrate; this reaction indeed seems to be 


characteristic of oxyntic cells. 


I am indebted to Professor Foster’s kindness for permission to iit 
in the Physiological Laboratory: to Mr Langley I offer my thanks for 
his unwearied patience and constant help. 


July 31, 1884. 


DESCRIPTION OF FIGURES. 
VI. 


Throughout I have attempted to represent the disposition of the gland- 
cells; it seemed hardly necessary to fill in the network in the cell-substance 
or to give other structural details, which had no direct —— on the points 
I wished to bring out. 

The outlines of the cells and of their nuclei have as a rule been traced 
with a Camera Lucida. . 

In preparing these specimens the hardening reagents used have been 
chromic acid 25 °/, and a mixture of osmic acid 1 gram and saturated solution 
corrosive sublimate, 150 c.c. 

The chromic acid specimens have been stained with haematoxylin or methyl 
violet. | 
Fig. 1. Copied from Heidenhain. “Transverse section through the 
middle one-third of the gastric glands of the pig.” 

Fig. 2. Plan of the internal surface of one half of the stomach, reduced }. 

Figs. 3, 4, 5, from the fundus glands. 

Fig. 3. Transverse section through the mouths of the glands showing cells 
with very complete mucous change, smal\ amount of protoplasm at their bases 
and compressed, ex-centric nuclei. 

Fig. 4. Transverse section taken lower. The mucous change is more con 
fined to that region of each cell which borders the lumen. From one alveolus 
mucous change is almost absent. | 3 

Fig. 5. Transverse section through the bases of the glands, — the 
cells peculiar to this region of the stomach. 

In all the sections many leucocytes are to be seen. 

Figs. 6—10, from complex glands of mid-stomach region. . 

Fig. 6. Vertical section through part of a gland-tube, showing lateral 
diverticula of the lumen. 

The outlines of the lumen are correct: the cells are diagrammatic. 
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Fig. 7. Vertical section of the bases of two gland-tubes made up of chief- 
cells and mucous-cells respectively. The figure shows also part of one of the 
characteristic sheets of plain muscular fibre which in this region run from the © 
muscularis mucosae up between the glands. 

Fig. 8. Transverse section through lower half of gland. Shows connec- 
tive tissue investment (m.p. ) of border-cells. 

_ Fig. 9. From same region as Fig. 8. Shows large size of alveolus, and in 
transverse section enclosing bands of muscular tissue. : 

Taken from “ resting” stomach ; the border-cells are seen to lie very nich 
outside. 

Fig. 10. From same region as Fig. 9. Shows alveolus of smaller size. 
Taken from digesting stomach, so there is more obvious connection between 
the border-cells or the lumen of the gland. 

Throughout the magnification is 240, 

In all the figures: 

-g,¢. cells of mouths of fundus glands, 
Jf. c. cells at hases of these glands. 
b. c. border-cells, 
c.¢. chief-cells. 
m.c. mucous-cells, 
leucocytes, 
g. 4. lumen of gland, 
m. p. membrana propria. 
m. f. unstriated muscular fibre. 


a. oesophageal region. 
6, fundus region. 
ce. mid-stomach region. 
d, pyloric region. 
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HASMATIN COMPOUNDS. By V.D. HARRIS, MD. Demon- 
strator of Physiology at St Bartholomew's Hospital. 


THE chemical nature and relations of Oxy-Hemoglobin, the 
colouring matter of the Blood, still present many important problems 
worthy of solution. The exact relation between the proteid and non-pro- 
teid substances into which it can be split up needs further investigation, 
as do also the nature of the former and the various distinct chemical 
compounds which are to be obtained, by the action of various reagents, 
from the latter. In the present paper it is proposed to bring together 
some short notes which deal with the last of these topics. These notes 
treat of an easy method of producing two compounds of Hematin with 
Hydriodic and Hydrobromic acids so iets chiefly for examination 
under the microscope. 

Oxy-hemoglobin is a body which chemists agree to be, siotielidi- 
standing the complexity of its molecule, a definite chemical substance, 
which can be split up into Hematin and a proteid residue. Hematin, 
the formula of which is now stated to be C, H,, N, Fe, O,, is believed 
to be a non-crystalline body, but crystals can readily be obtained from 
it which are known under the name of Hemin. These crystals are 
so important, being as they are one of the chief tests for blood and 
constituting as they do a very important means of ascertaining the 
presence of even a minute quantity of blood in medico-legal investiga- 
tions, that their exact chemical relations have been much discussed. 
Hoppe-Seyler considers Hzmin to be a compound of Hematin 
directly with Hydrochloric acid and states that its formila is C,, H,, 
N, Fe, O,, 2HCI, and as his view of the constitution of the body is the 
one asoally accepted, Hzmin is generally called Hydrochlorate or 
Hydrochloride of Hzmatin. 

The evidence upon which the formula rests is not diadaiady 
conclusive, but at any rate it appears to be approximately correct. 
Assuming this to be the -case, it almost of necessity suggests that 
Hematin is capable of combining in a similar manner with the allied 
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acids, viz., Hydrobromic, Hydriodic and Hydrocyanic. Gamgee' alludes 
to the possibility of Hematin forming a definite crystalline compound . 
with one of these acids, viz. with Hydriodic acid, as well as with Hydro- 
chloric acid, and M. Cazeneuve has succeeded in obtaining such a 
compound and one with Hydrobromic acid also, The method adopted 
by the last named experimenter was to suspend pure hematin, recently 
precipitated, in ether, to pass through the liquid a current of Hydriodic 
acid gas, next to agitate the liquid with distilled water and to separate 
out crystals of the new compound by gentle evaporation. Hydro- 
bromate of Hsmatin was obtained in a manner somewhat similar, viz. 
by treating recently prepared hematin with ether acidulated with 
hydrobromic acid. “The crystals of Hydrobromate of Hzmatin are 
insoluble in water, alcohol or ether, soluble in acidulated alcohol or 
ether, soluble in alkaline liquids. On treating the alkaline solution 
with acetic acid, hematin is precipitated, and it is possible to prove the 
presence of hydrobromate of ammonium in the liquid by the ordinary 
reactions.” The above method is the only one of obtaining these salts 
which has been, as far as I am aware, hitherto tried, and it has the 
disadvantage of requiring the preparation of pure hematin, at best a 
somewhat difficult process. The method may no doubt be improved. 
It is however possible to demonstrate the conjunction of Hydriodic and 
-Hydrobromic acid with Hzmatin in a simpler manner for microscopic 
examination, viz. by following the plan usually recommended in the 
formation of Hemin. If a small quantity of dried blood be finely 
powdered and mixed thoroughly with a minute quantity of common 
salt (NaCl) upon a glass slide and glacial acetic acid be added, on the 
application of moderate heat to dryness, a large number of dark brown 
rhombic crystals of hemin will be found on subjecting the slide to 
microscopic examination. We find however that dried blood will give 
these crystals or some very little different from them, if the sodium 
chloride be omitted, and this has no doubt given rise to or has at any 
rate supported, the belief which is held by Thudichum and others’ 
that hemin does not contain chlorine but is merely crystalline (acid) 
hematin. 

_ The fact however that dried blood contains sodium chloride does 
away with the sequence of such a conclusion. The contained salt being 
no doubt sufficient to produce the free-hydrochloric acid required. It is 


1 Physiological Chemistry, Vol. 1. p. 109, 
* See Gamgee, Physiological Chemistry, p. 116, 
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moreover a fact that up to a certain limit the presence of additional 
sodium chloride will increase the number of the crystals formed as well 
as the ease of their formation. To prepare the Hydriodate of Hematin 
for microscopic examination it is merely necessary to substitute a 
- minute quantity of potassium or sodium iodide for the sodium chloride 
used in the other process, and on the application of heat, the crystals of 
the salt will be found to be very numerous. They are very similar 
in appearance to Hemin, but are more acidular and somewhat darker, 
_ the ends being more apt to be broken. In making the corresponding 
bromine salt, potassium or sodium bromide may be substituted for the 
iodine salt, and the resulting crystals are very similar in appearance. - 

_ There might be two sources of fallacy in this method of preparation, 
(1) the crystals might be hemin crystals proper, the iodide or bromide 
not entering at all into combination, from the fact of the presence of the 
sodium chloride in the dried blood, or (2) the salts, whatever they were, 
might merely determine the crystallisation of the acid hematin without 
entering into combination at all. 

' To obviate the first fallacy, experiments were made with pare 
_ haemoglobin crystals obtained from rats’ blood and from guinea pigs’ 
blood and thoroughly washed free from sodium chloride and dried, —_ 
the following result. 


1. Some dried hemoglobin was placed upon a clean slide, a cover 
glass placed over it and the interval between the cover glass and the 
slide was filled up with glacial acetic acid by means of a capillary pipette, 
the mixture was then gently heated to dryness, and no crystals of any 
sort were obtained. This was repeated many times and only in one case 
when there was a considerable quantity of hemoglobin used in a watch- 
glass did any crystals appear. In that case a very few crystals did 
appear, indicating either, that the hemoglobin was not absolutely pure, 
or that a minute quantity of salt had been accidentally introduced. 

. 2. Some hemoglobin prepared in the same manner was slightly 
damped with a small drop of dilute saline solution (‘75 °/, sodium 
chloride) and treated in the same way with glacial acetic acid, abundant 
crystals of hemin were found after the mixture had been gradually 
evaporated over a spirit lamp. 

3. A similar experiment to (2) was made, but instead of sodium 
chloride, potassium or sodium iodide was used with the production of 
the iodide crystals, 

4. A similar experiment to (2) with the substitution of potassium 

PH. V. “15 
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or sodium bromide for the sodium chloride, with a = result viz. tis 
production of the bromide crystals. 

All of these experiments were repeated several times and also with 
larger quantities of hemoglobin in water glasses, with similar results, 
except in the one case before mentioned. 

To eliminate the possibility of the second supposition hiiie true, 
viz. that the salts, the chloride, bromide and iodide acted as it were 
catalytically and did not enter into combination with the bxmatin, 
appears to be more difficult. Indeed the fact that the presence of such 
@ minute quantity of either salt, especially of the first, is sufficient to 
determine the production of crystals of Hmin, renders the supposition 
not unreasonable; but against such a view must be taken the other fact, 
that in the case of the Hydrochloric compound, analysis has actually 
been made and because hemin crystals treated with comeerreted 


sulphuric acid give up hydrochloric acid. 


Again, if the salts merely determined the production salient enter- 

ing into the formation of the crystals, the same power would most likely 
be possessed by similar salts, and the result of experiments on this 
subject is purely negative. M.Cazeneuve was unable to obtain crystals 
with Hydrofluoric, Hydrocyanic, Sulphuric, Tartaric, Citric, Oxalic, and 
other acids, and my own experiments, made quite independently, with 
some of these acids were to the same effect, 
_ The examination of solutions of Hemin with the spectroscope, 
appears also to support the theory that the hzemin is a new compound, 
and not mere acid hematin crystallised. As regards the Hydriodate 
and Hydrobromate of Hematin, the results of spectroscopic examination 
have, as yet, in my hands, and in the hands of Mr Lapraik who has 
kindly examined some for me, been negative; this is probably due to 
the fact that the crystals are very insoluble, unless at the same time 
their decomposition is partially effected. I hope however to be able 
shortly to obtajn these compounds in larger in order to 
more accuratély their effects, 
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PAPAIN-DIGESTION', By SIDNEY H. C. MARTIN, BSc, 


M.B,, BS. (London), Fellow of Univ. Coll. Lond. 


(From the «sameeren Laboratory, Univ. Coll.) 


‘PapPain was the name given by Wurtz to the proteolytic ferment 
found in the juice of the unripe fruits of the stem and leaves of Carica 
‘Papaya, a plant indigenous to the East and West Indies. The occur- 


rence of such a ferment in the vegetable kingdom is in itself remarkable, 
and may give rise to important considerations on the researches of Darwin © 


and others on the assimilation of animal food by carnivorous plants, 
‘The leaves and juice have long been known in the native countries 


of the plant to have an action on uncooked meat, which is rendered 
tender and subsequently rotten. Wurtz, however, was the first to 


investigate this action scientifically : since he succeeded in obtaining an 
active extract by precipitating a watery extract of the juice with 
alcohol; subsequently by a different process he obtained a pure product 
to whisk he ascribed definite reactions*. 

’ By analysis it was proved that Papain was an albuminoid wad 
is is see in water, and can be purified by dialysis. 

A pure solution of the gave the reactions 

1. Reaction: neutral. 

Cloudiness on 

3. Corrosive sublimate gives a cloudiness in the cold; becoming a 


precipitate on 


1 Towards defraying the expenses of this enquiry, a grant was untied from the 
‘Scientific Grants Committee of the British Medical Association. 

2 Comptes Rendus, June 1880, p. 1379. Also 1879, p. 425. It seoms probable that 
‘Moncorvo isolated the active principle of Papaw juice before Wurtz—he called it 
Caricin, Papain and Papayotin are, however, the names usually employed now. Mon- 
corvo, Journ. de Thérap. vt. 6, 1880. 
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4. A cloudiness (or slight — with subacetate of lead: 
soluble in excess. 

5. Strong nitric and hydrochloric acids give a precipitate, soluble in 
excess of acid. 

6. Phosphoric acid and acetic acid do not give a precipitate: but 
platinic chloride, tannin, and Millon’s reagent do. 

7. Potassic ferrocyanide and acetic acid give a precipitate. 

From this list of reactions, it will be seen, as Wurtz pointed out, 
that Papain differs from peptones and albumins.in not being precipitated 
by corrosive sublimate or by basic acetate of teadhs it § is also not precipi- 
tated by boiling. Its exact position as an albuminoid body is difficult 
to determine, and it must be regarded at present as a substance not be- 
longing to any of the recognised classes of albuminoid bodies. | 

In my experiments, I have used commercial Papain (received through 

the kindness of Messrs. Christy and Co.). Commercial Papain is a 
mixed substance; the specimens I have used were not completely 
soluble: in’ distilled water, the residue left consisting chiefly of non- 
soluble proteid (coagulated) since it gave the Xanthoprotein reaction. 
The residue also contains according to Dowdeswell, the spores and 
dead forms of Bacilli*. 

The solution (filtered) is clear, yellowish and, in active preparations, 
has the faint smell of the powder called “Papain”—and something of 
‘the smell of the cut fresh fruit. Its reactions vary somewhat and are as 
follows : — 


Specimen I. of 
1, Neutral in solution. 
2. Boiling gives a cloudiness, then a precipitate. — 
3. Corrosive sublimate gives a cloudiness. 
4, Precipitates with strong nitric acid — in excess) 1965 with 
_ potassic ferrocyanide and acetic acid. 

Examined 38 days afterwards, a solution gave a clowiiniee on boiling, 
but no subsequent precipitate: a slight precipitate with plumbic sub- 
acetate, soluble in excess, and a slight cloudiness with corrosive sublimate. 
_ It will thus be seen that these reactions agree very closely with those 
obtained by Wurtz with the pure Papain: the solution however also 
contained peptones, as it gave a pink colour with a trace of copper 
sulphate and an excess of potash. This preparation was an active one. 


1 Practitioner, Vol. xxx. May 1883, 
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Specimen IT. of Papain gave much the same reactions, with the 
_ exception that lead acetate (basic) gave only a cloudiness, and boiling 
produced no precipitate. Saturation with magnesium sulphate gave a 
decided precipitate. 

A solution of this Papain was dialysed for 24 hrs.: the liquid became 
cloudy with a fine precipitate (there was no decomposition); it gave a 
milkiness, then a precipitate on boiling, increased by acidification: and 
reactions with corrosive sublimate and basic acetate of lead the same as 
before dialysis, The solution, however, did not give the “ peptone” 
reaction with copper sulphate and potash, but the violet colour given by 
all other proteids in solutions. Moreover, saturation with magnesium 
sulphate gave a precipitate: this result, taken with the occurrence of a 
fine precipitate after dialysis, indicates the presence of a “globulin ”, 
which was also precipitated by boiling and acidulating. Whether this 
body is the ferment itself I am at present unable to state : it is important 
however to note these reactions as they have a bearing on the results 
obtained after digestion. 

I am more inclined to think that the globulin present is not the 
ferment, chiefly from the fact that the dialysed solution gives a precipi- 
tate on boiling, a result Wurtz did not obtain with a solution of pure _ 
and very active Papain'. The purity of specimens of Papain. may be. 
tested by boiling the solution, when if a precipitate falls, the specimen 
is, as I have found, but little active. The reactions with corrosive 
sublimate and lead acetate are also good criteria of the hei of the 
drug. 

The presence of peptones in the solution is probably due to their 
precipitation during the process of manufacture from Papaw juice: 
though some small quantity may be accounted for by a slow action of 
the ferment on the globulin or coagulated proteid in the powder. That 
this slow action does occur is rendered probable by the reactions of 
Specimen I. after 38 days’ keeping, partly exposed to the air: no precipi- 
tate by boiling was obtained in the solution after this interval. The 
exact bearing of this point will be more be ae after oe the 
products of artificial digestion. 


Artificial digestion of proterds. 


The scientific work done on this subject: is scanty; Wurtz, as 
previously mentioned, being the first to investigate the action carefully’; 


1 Comptes Rendus, June 1880. 2 Comptes Rendus, 1879 and 1880, 
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though Dr G:C, Roy* had previously shown that papaw juice caused 
both animal and vegetable albumen to enter into solution, he did not, — 
however, clearly recognise the process as digestion. More extended 
experiments were done by Albrecht’, also with the juice; but as this 
is a complex substance, no accurate conclusion can be arrived at in this 
way. The chief points brought out by the experiments of Wurtz and 
Wurtz and Bouchut are the following: | 

1, Papain, when pure, is an active proteolytic ferment: ‘1 grm. 
e.g., digesting 100 grm. of wet fibrine in 500 c.c. of water in 36 hrs. 
leaving 2°5 grm. residue of “dyspeptone”’: temp. 40° C. | 

In another experiment with “crude” Papain, *1 grm. in 50 c.c. of 
water digested 1 grm. of wet fibrin in 10 hrs., leaving 1.5 grm. residue : 
temp. 40° C. 

The action is rapid, considering the quantity of ferment used. 

2. Digestion by Papain is essentially a digestion in a neutral 
medium; though only two experiments were recorded: to confirm: this 


-statement—one where the liquid was made faintly alkaline by potash, 


the other where a few drops of 2 per 1000 hydric chloride were added*. 

8. Digestion is accompanied by rapid decomposition : but the action 
goes on just as well when this is prevented. 

4, The products of digestion are peptones chiefly ; crystals of conan 
also were discovered, but no mention is made of tyrosin. : 

~The filtrate after digestion. gives a precipitate with strong nitric 
acid; in some instances ascribed to the presence of the ferment, in 
others to “incomplete digestion.” 

5. Finally, as a result of these experiments, Papain is compared in its 
mode of action to trypsin; and from a few experiments, Wurtz 
concluded that the ferment probably combined in some way with the 
fibrin, which then became pultaceous, He compared the action indeed 
to the hydrating power of sulphuric acid: a comparison which is fairly 
reasonable, 

According to Wurtz and Bouchut, then, we have in Papain a 
vegetable proteolytic ferment resembling trypsin. 

Rossbach has recorded a few experiments with the ferment}, and 
his conclusions are at variance with those just mentioned. 


1 Glasgow Med. Journal, 1874. 
2 Schmidt’s Jahrbuch, Bd. 190. 
* Comptes Rendus, 1879, 


4 Berliner Klin. slaty te 1881, No, 10, and Zeitschrift f. klinisehe Med. Bd. v1, 
H. 6, 
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He stated that “warm papayotin solution does not act quicker than — 
cold”. 

That 5 p.c. solutions of the ferment (commercial product) act best : 
} p.c. solutions acting very slightly. 

The first result is certainly not one to be expected: as it is known 
that most ferments act better at temperatures between 35° and 40° C. 
{as above) than at lower temperatures. As I shall show afterwards this 
statement of Rossbach’s is erroneous. 

_ The second result is contrary to Wurtz’ experiments: and I cannot 
but conclude from this and from my own results that an inactive prepar- 
ation of “ Papain” was used. This conclusion is justified by the follow- 
ing experiment quoted’, 1 grm. of fresh meat (dried weight ‘24 grm.) 
was mixed with 2 grm. of 5 p.c. Papayotin solution and allowed to stand 
72 hours: only 41°4 p.c, digested. 

This experiment was contrasted with others in which the same 
amount of meat and papayotin solution were mixed with various 
percentages of hydric chloride: in 1 p.c. HCl, 40:1 p.c. digested: in 1} p.c. 
HCl, 39°34 p.c. digested, and in a decreasing ratio with higher sere 
ages of hydric chloride. 

These experiments, however, are open to objection : 

‘1. Because the papayotin was only a slightly active one. 

2. Because also the solution of fresh meat in an acid solution in 
72 hrs. is not a fair test of digestion. The temperature at which the 
experiment was performed is not mentioned ; but undoubtedly, even at 
the temperature of the air, acid-albumin would be formed from the 
uncoagulated proteid and enter into solution, even if the Papain had no 
action whatever. 

No definite conclusion, then, can be renee from these results in 
acid media. Albrecht states that hydric chloride hastens the action of | 
Papain, and mentions that an officinal acid preparation is used in the 
Paris hospitals’. 

: In connection with this it may be stated that Brunton and Wyatt 
have affirmed that Papain, unlike pepsine, does not act in an acid 
solution®, No experiments are quoted showing this: but the results 
agree with my own observations. 

In my own experiments I have used both snapaleted fibrin and 
coagulated egg-albumin (prepared as stated below), 


Zeits. f. klin. Med. Op. cit. 3 Pract. 1880, p. 301. 
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The fibrin was well washed for 18 or 24 hrs, and then boiled for 1 hr.; 
washed again, and in my later experiments ground fine in a sausdge 


machine, 


It is advisable to have the material to be acted on in as fine a. state 
of division as possible; especially as the digestion occurs in neutral 
media which are less favourable to imbibition than either alkaline or 
acid. This resistance to imbibition was well seen in my earliest experi- 
ments, one of which I quote as showing this point. Four grammes of moist 
boiled fibrin {not finely divided) were mixed with 50 c.c. of distilled | 
water, containing 1°025 grm. of Papain (specimen I). The mixture 
stood for 48 hrs, at a temp. between 16° and 17°C. before the fibrin began 
to disintegrate: the action, once begun, proceeded rapidly and was — 
accompanied by decomposition. The liquid, previously neutral, at the 
same time became slightly alkaline. 

Such a large.quantity, then, of Papain as 1:025 grm. acts very deol 
on fibrin in shreds at low temperatures, and I should like to draw attention 
to the following phenomena noticed in such simple experiments, which 
are seen even when decomposition is prevented, 

The fibrin, if floating on the surface of the liquid, falls to the saihine 


as a pultaceous sediment when the ferment acts on it: in fact, the 


action is an erosion of the coagulated proteid. This is like trypsin ; 80 
is indeed the accompanying decomposition, 

The fact of the neutral liquid becoming alkaline may be thought to 
be due to decomposition: but it is also noticed when decomposition is 
prevented by a few drops of prussic acid’ (B. P. strength 2 p.c.), provided 
too much acid is not added to make the liquid very acid. 

The liquid never becomes alkaline till after 48 hrs. digestion; and 
since the occurrence has no connection with decomposition, it is probable 
that it is due to some of the products of digestion. At any rate it is 
interesting, taken with the results of digestion in olkaline media detailed 
below. 

In most of my experiments, I have used coagulated egg-albumin: as 
I found the amount of digestion could be estimated more accurately 
than with fibrin. The dried weight of fibrin after it has been well 
washed and boiled varies sometimes to the extent of ‘25 grm. in each 
gramme of wet material: thus if the dried weight were taken, erroneous 
results might be obtained. For this reason, and also for obtaining an 
accurate comparison between the results of digestion in neutral, alkaline 
and acid media, I devised the following method, which, with due 
precautions, was found to answer accurately and well. 
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' ©The whites of several eggs after being cut up with scissors were 
mixed with an equal bulk of distilled water, well shaken and strained 
several times to remove the meshes enclosing the albumen. To this 
alkaline mixture acid was added ‘till it was neutral or slightly acid; it 
_ was allowed to stand 18 hours, by which: time the precipitate (chiefly of 
globulins) had settled*.. The mixture could now be filtered and a uniform 
solution or mixture of albumen in water obtained ; the liquid was quite 
clear or opalescent according to the amount of albumen present. 

. The strength of this solution was now estimated by acidulating and 
coagulating by heat 3 portions of 5.c.c. each (taken from different parts 
of the liquid) : the coagulum was caught on a filter and dried at 100°C. : 
_ the weight of the filter (at 100° C.) deducted from the dried weight of 
filter and coagulum (also at 100° C.) gave then the weight of albumen in 
5 c.c.of the solution. An average was taken of the three estimations (which, 
as was found, were closely similar) and used in calculating the amount of 
albumen in the quantity of solution used for digestion: thus if # = the 
average dried weight in 5 c.c., 20 #=dried weight (at 100°C.) in 

In all cases the albumen solution after acidulating with glacial 
acetic acid, was coagulated in a water or dry bath, the mixture being 
constantly stirred so as to obtain the coagulum in as fine a state of 
division as possible to remove complete coagulation of the albumen. 

The fallacies that may arise by this method are that all the albumen 
may not be coagulated either from imperfect heating or by driving off 
the volatile acetic acid. Constantly stirring obviated the first difficulty : 
and it was found that the mixture raised gradually to the boiling point 
in a water-bath was completely coagulated, as the water strained off 
yielded no further coagulum, An acid liquid during coagulation tends 
to become alkaline: so that in all cases sufficient acid was added to 
prevent this, the acidity being tested after coagulation. 

The mixture was then neutralized carefully and was ready for 
digestion. 

The method was found to answer well, when there was not much 
residue left after digestion : if a large residue be left, there is difficulty 
in drying the albumen, unless this be spread out on the filter. 

In all cases the strength of the Papain solution was ascertained by 
estimating the amount of insolub‘e residue. The weight of Papain is 
given in each experiment: but is not the exact amount of ferment used, 


~ 1 Foster’s Physiology, 2nd Ed. p. 574. 
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as it includes also the weight of the small quantity of peptone and 
globulin, previously shown to be present in the solution. Decomposition 
was prevented in all the experiments by adding 4 or 5 drops of prussic 
acid (B.P.): this was found effectual even when 300 c.c. of liquid were 
present and did not interfere with the action of the ferment, nor was 
enough used to alter the reaction of the liquid.. Thymol and carbolic — 
acid were tried, but were found very ineffectual in small quantities. 

The first point I attempted to decide was the effect of temperature 
on the activity of the ferment. Contrary to Rossbach’s statement, I 
found, that though Papain did act at low temperatures (between 15° and 
20° C.), it acted much better between 35° and 40° C. | 

The amount of water present must of course be taken into account : 
as dilution helps the action of proteolytic and other ferments. 

These points are brought out in the following experiments, 

_Exeertuent I. May 8, 1884. 


"(Estimation of-albumen solution : ‘278 grm. and ‘284 grm. in two portions 
of 5 c.c.: average, grm.: 23 c.c. contain 1:2944 grm.,, dried wt. at 
_ Two mixtures A, B, of the same composition, viz. : 


Albumen (dried wt.) = 1:2944 grm. 


Papain ‘2 grm, 
Distilled water ce. 
474 hours’ digestion. Ss 
A at 19°C. B at 35°C. 
Residue (at 100°C.), ‘18 grm. Residue, ‘107 grm. 
Digested, 1:1144 grm. Digested, 1°874 grm. 


The difference in this experiment is not marked : in the next, where about 
one half the amount of albumen ‘and the same quantity of Papain was used 
in a larger quantity of water, the difference i is prewter : showing indeed the 
effect of dilution. 

Experiment II, May 16, 1884. 


(Estimation of albumen: c.c, contain 335 grm.: 23c.c., ‘67 grm.) 
Mixtures A and B of same composition, viz : 

Albumen, ‘67 grm. 

Papain, ‘2 grm. 

Distilled water, 60 c.c. 


Digestion for 223 hrs. 
Residue (at 100° C.), grm. Residue, 086 grm. 
Digested, ‘367 grm, - Digested, 584 grm. 
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With larger onion of albumen and a. sipssmers amount of liquid, 
the difference is still more marked. 


Experiment III, May 31, 1884. 
(Estimation : ‘266 grm., grm., ‘254.grm., in three portions of 5 c.c.: 
average ‘261 grm.: 90 c.c. contain 3°654 grm.) | 
- Mixtures A and B, | 
grm. 
Papain - ‘4 grm. 
Distilled water 175 c.c. 
48 hrs. digestion. 


18°-20°C. B at 30°36" C. 
Residue, 1°751 grm. Residue, °63 grm. 
Digested, 1-903 grm, Digested, 3°024 grm. 


These three experiments conclusively show the greater activity of 
the ferment at temperatures between 30° and 36° C. than between 18° 
and 20° C. in neutral liquids: it also establishes the = that Papain 
acts well in these media. 

The comparison Wurtz had made between the action of Papain and 
that of trypsin suggested to me a series of experiments under conditions 
similar to those in artificial pancreatic digestion: viz. in different 
strengths of Sodium Carbonate solution’. We have seen that this com- 
parison is borne out by the occurrence of rapid decomposition, by the 
erosion of the coagulated proteid before solution and by the formation of 
leucin: results similar to those seen in tryptic digestion—the difference 
being that whereas tryptic is essentially an alkaline digestion (acting 
best in 1 p.c. Sodium Carbonate solution) Papain digestion has been 
stated to be essentially a neutral one. 

In all cases, I have compared the action in alkaline solution side by 
side with that in a neutral one under the same conditions: and as will 
be seen, I found that Papain acts well in alkaline media—in solutions of 
} p.c. Sodium Carbonate as well, if not better, than in neutral: but that 
in higher degrees of alkalinity, 4 p.c. aud 1 p.c., the digestion, though 
active, is not so complete as in } p.c. sodium carbonate or neutral 
soluticns. This is shown in the following experiments. 


June 7, 1884. 


(Estimation : ‘17 grm., ‘17 grm., and ‘174 grm. in 3 portion of Sc,c.: 
85 c.c, contain 2°9121 grm.) 


1 Ewald mentions that Papain acts in alkaline media, but quotes no experiments. 
Schmidt’s Jahrbuch, Bd. 201, 
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Mixtures A, B, containing. | : 
Albumen, 29121 grm. 


Papain, (Specimen II.) 
_ Digestion for 45 hrs. at 38°C. 
A. B. C. 


220c.c. of water. | 200¢.c.}p.c.sod. carb. | 200 c.c. }p.c. sod. carb. 
20 c.c. water added. | 20c.c. water added. 


Neutral. Alkaline, strongly Alkaline. 
Residue. grm. “419 grm. 629 grm. 
Digested. 2 3421 ‘grm. 2°4931 grm. 2°2831 grm. 


The next experiment shows the same points: In such minute 
differences as are seen in Experiment V. the question of division of the 
coagulated albumen has to be considered: as it is impossible to get all 
the mixtures in the same state of subdivision. Slight errors of eT, 
lation have also to be allowed for. 


Experiment V, June'10, 1884. 


(Estimation : grm., ‘143 grm., ‘145 grm., in 5¢.c.: average, “1443 
: 100 c.c. contain 2°886 grm.) 


Mixtures A, B, 0, D, containing 
Albumen, 2-886 grm. 
Papain, ‘347 grm. 
Digestion fur 18 hrs., T. of incubator 35°-38° C. 
A. B. C. | D. 


200 c.c. of water.|200 c.c. of water.|sod. carb. } p.c. 200c.c. sod. carb. 1 p.c. 200c.c. 


water added 20 c.c. | water added 20 c.c. 

Neutral. Neutral. | strongly Alkaline. | strongly Alkaline. 
Residue.|  °806 grm. grm.  *998 grm. ‘991 grm. 
Digested., 2-08 grm. 2-032 grm. 1-888 grm. 1°895 grm. 


Mixtures A and B were made to test the accuracy of the method of 
digestion. 
- The diminished -solution of the albumen is seen in } and 1 p.c. solutions 
of sod. carb, in which the action may be considered equal, At present only 
the amount of albumen entering into solution is considered and reckoned as 
digestion : i.e. forntation into peptones. The discussion of the completeness of 
digestion must be reserved until we come to the products of digestion. 


Another experiment may be quoted confirming the results of the 


last two: performed under the same conditions but with a me 


quantity of liquid. 
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Experment VI. June 13, 1884. 


(Estimation: °15 grm., ‘147 grm., average 49 gem. 
100 c.c. contain 2°98 grm.) 


Mixtures A, B, C, containing’ 
Albumen, 2°98 grm, 
Papain, ‘347 grm. 
Liquid, 300c.. 
Digestion for 24 hours. T. of incubator 39°-41° C. 
Neutral. 4 p.c. sod. carb. (Alk.) | 4 p.c. sod. carb. (Alk.) 
Residue. ‘507 grm. grm. ‘723 grm. 
Digested. 2°473 grm. 2°415 grm. 2°257 grm. 


Experiments IV., V. and VI. conclusively show that. Papain acts well in 
} p.c., 4 p.c. and 1 p.c. evolutions of sodium carbonate: but that it acts best 
in }p.c. sod. carb, and in neutral solutions. Another point of analogy to 

tryptic digestion (artificial) has thus been proved. 

A few experiments were done to test the activity of the ferment in 
acid media. Rossbach’s and Albrecht’s results have been mentioned, 
and objections raised to the method of experimentation used by the 
former. 

My results acadrd more with shies of Brunton and Wyatt: viz. 
that acid stops the digestive action. I used an active preparation, 
(specimen IL) the same in fact as in the Experiments IV., V. and VL: 
and having in view the conditions of artificial peptic digestion (which 
takes place best in ‘2 p.c. HCl) I used solutions of -05 p.c. ‘1 p.c. and 

‘2 p.c. HCl: comparing the results side by side with _— in neutral 
and alkaline media. 


Experiment VII. June 14, 1884. 


(Estimation : +194 grm., 195 grm., 187 grm. in 5c.c,: average ‘192 grm.: 
100 c.c, contain 3°84 grm.) — 
Mixtures A, B, OC, D, E, containing - 
Albumen, 3°84 grm. 


Papain, ‘347 grm. 
Liquid, 300 c.c. 
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Digestion for 47 hrs. T, of incubator 36°-40° C. x 


Neutral. | sod. carb. } | HCl -05 p.c.| 1 p.c. | p.c. 
.c. Alkaline, Acid. Acid. | Acid. 
Residue. | 1-147 grm. | 1-093 grm. | 3-896 grm. | 3-811 grm. | 3°883 grm. 
Digested.| 2-693 grm. | 2:747 Entered into 
; solution, 
_ 029 grm. 


(The residues of O in E were not - dried: = albumen having caked 
into a mass.) : 


The experiment strikingly that the same 
conditions, varying strengths of acidity stop the action of the ferment 
altogether—and further as confirming this, the filtrates after digestion 
of ©. D. and E. gave only the violet reaction of soluble proteids with 
copper sulphate and potash: whereas the filtrates of A and B gave the 
pink colour of peptones with the same reagents, This point will be 
referred to again. 

In another experiment with the same amount. of liquid. and about 
the same quantity of albumen, but nearly double the weight of Papain, 
it was found that some digi did occur in ‘05 ‘pe. solutions m Hydric 
chloride. i 

‘The experiment is here quoted. 


 Expermment VIII. June 17, 1884. 


(Estimation : ‘173 grm., grm., in two portions of 5c.e.; 
‘166 grm.: 100 c.c. contain 3:32 grm.) 


Mixtures A and B, containing 
Albumen, 3°32 grm. 
Papain, j§§ ‘607 grm. 
Liquid, 300 ¢.c. 
hours’ digestion at 35°-36° C. 
A. B. 
| ‘05 p.c. HCl 
Neutral. Acid. 
Residue. ‘981 grm. 2°011 grm. 
Digested. grm. 1-309 grm. 


The filtrate of B gave a pink-colour with copper sclphate and potash : 
showing that actual digestion had occurred, though it must not be concluded 
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that all the albumen dissolved is transformed into peptone. Reasons for 
this conclusion are given hereafter. ——- ay 

Whether with larger quantities of Papain weds a higher percentage of wile 
digestion will occur I have not ascertained : it is probable that this is so, but 
as the object was to find out what the ferment could do under the most 
favourable conditions and not’ under those that were unfavourable to its 
action, this point was not investigated. : 

It has been clearly demonstrated that Papain is a ferment active in the 
highest degree in neutral and alkaline solutions (of the strength of } p.c. sod. 
carb.) : that in solutions of higher alkalinity (} p.c. and 1 p.c.) the action, 
though well-marked, is not so great. Finally that acid prevents the action of 
Papain : though in weak acid solutions (‘05 p.c. HCl) some degree of diges- 
tion may take — with a large quantity of ferment. 


Products of Papain- Digestion. 


As has bees mentioned, Wurtz stated that. two chief products are 
formed as the result of the action of Papain on fibrin: viz. peptones 
and leucin: and the analogy referred to several times of the action of 
Papain to that of Trypsin must again be emphasized: viz. that in 
experiments the ferments are similar in their proneness to producing 
decomposition, in their erosion of fibrin before this enters into solution, in 
the formation of leucin: a further point being that Papain acts in 
alkaline as well as neutral solutions, Trypsin acting only in alkaline. 

A closer resemblance will appear afterwards, ——- 

In tryptic digestion, before the fibrin has passed into peptones, there 
is formed a body intermediate between alkaline albumen and native 
albumen’, This body is soluble in dilute acids and alkaline and in a 
* 10 pc. solution of sodium chloride; being precipitated and coagulated 
by heat and nitric acid from its solutions 3 in sodium chloride. 

_ A corresponding body is formed during Papain-digestion. Early in 
my experiments I had noticed that boiling the filtrate of the mixture 
after digestion caused a precipitate which was a proteid, as it gave the 
xanthoprotein reaction®, At first I ascribed this result to incomplete 
coagulation of the albumen solution before digestion: but from the 
constancy of its pressure and from the fact that Wurtz had obtained a 
similar ee by strong nitric acid, I was led to think otherwise. 


1 Foster’ 2nd Ed, p. 200. 
2 This was also noted by Roy, op. cit. 
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Moreover the filtrate of the digestion of coagulated fibrin gave the same — 
results, both in neutral and alkaline solutions, as the ae: — 


Fibrin washed under the tap for 18 hrs. : boiled for 1 hour: and ind 


_ in a sausage-machine. 
Mixtures A and B, containing | 
Fibrin, 25 grm. 
Papain 694 grm. 
Liquid,  250cc. 
Digestion for 20 hrs. 38°-39° 0, 
A. B. 
Neutral. Alkaline, } p.c. sod. carb: 
Nearly all fibrin dissolved. Nearly all fibrin dissolved. 
Residue pultaceous. Residue pultaceous. 
Mixtures were filtered. 
Filtrate acidified and boiled gives No neutralisation precipitate. 


precipitate. 


50 c.c. of filtrate saturated with 
magnesium sulphate and shaken for 
1 hour give a copious precipitate. 


Residue: washed with 10 p.c. 
NaCl solution: filtrate clear, and 
gives a precipitate on warming, in- 
creased by acidification. 

Abundant precipitate on satura- 
ting filtrate with mag. sulph. 


Acidified and boiled : copious pre- 
cipitate. 

50 ¢,c. give a copious precipitate 
on saturation with mag. sulph. © 


Residue treated in the same way 
as <A gives similar results: the fil- 
trate gives a precipitate on acidula- 
lating and warming: and one by 


saturation with mag. sulph. 


This experiment then distinctly proves the formation of this body— 
with reactions similar to those given by the early product of tryptic 
digestion. It is produced in the neutral liquid as well as in the ~ 


alkaline: and the question arises of what is its nature. 


The solubility in 


10 p.c. sodium chloride solution and the precipitation from such solution 
by saturation with magnesium sulphate indicates the properties of a 
globulin, a small quantity of which indeed I have shown to be present 
in the commercial Papain used, It might be suggested that it was this 


body which gave these reactions: but, firstly, specimen IT. of Papain was 
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used, solutions of which gave no precipitate on boiling and acidulating ; 
and, secondly, the amount obtained from the filtrate and residue was too — 
large to be accounted for in this way. There is no conclusion bat that 
this “intermediate” body is formed during Papain-digestion. This 
body then has the reactions of a globulin and is formed in both neutral 
and alkaline digestive mixtures. In the filtrate from the alkaline 
mixtures it will be noticed that there was no neutralization-precipitate 
—indicating the absence of ordinary alkali-albumin; why indeed this 
should not be present is not quite evident, as soluble native proteids 
are readily converted by alkalies into alkali-albumin: and we have a 
soluble proteid present. The deduction is that this body resists the 
change into alkali-albumin, and that the agent of resistance is the 
ferment—progress being towards peptone and not alkali-albumin. 
_ Further experiments tend to confirm this hypothesis. _ 

In the filtrate from digestion in } p.c. sodium carbonate solution, 
results are obtained similar to those just described in 4 p.c. solutions : 
‘viz. a precipitate on boiling and no neutralization precipitate: whereas 
in the filtrate from digestion in 1 p.c. sodium carbonate solution there is 
a slight precipitate on boiling but also a copious neutralisation precipi- 
tate in the cold, not soluble in excess of acid.. The character of this 
neutralisation precipitate is thus different from that of ordinary alkali- 
albumin, which is readily soluble in excess of acid. Alkali-albumin j 
‘formed slowly at 40° C. from coagulated proteid: and its reactions w 
tested in an experiment in which finely ground boiled fibrin was incu- 
bated at 32°-35° C. for 17 hours in } p.c. sodium carbonate solution. 
The filtrate of this liquid gave, as was expected, a neutralisation precipi- 
tate soluble in excess of acid. 

To return, when Papain acts on coagulated albumin in } p.c., $ p.c. 
‘and 1 p.. solutions of sodium carbonate, in all an intermediate body is 
‘formed as in neutral solutions: the body not being changed into alkali- 
albumin. But that in 1 p.c. solutions of sodium carbonate there is a 
neutralisation precipitate which is not ordinary alkali-albumin, as it is 
not soluble in excess of acid, in the cold. The appearance of the 
residue in 1 p.c. sodium carbonate is quite different from that in neutral, 
and in } pc. and }$ pc. sodium carbonate: it is more like a jelly, the 
solution being difficult to filter: the other residues are soft and pul- 
taceous, and the solutions readily filtered. This taken with the fact that 
digestion does not occur so completely in 1 p.c. sclutions of sodium 
carbonate as in 4 p.c., } p.c. and neutral solutions, seems to me to 
confirm the hypothesis that Papain resists the change of the intermediate 
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body into alkali-albumi, and hence ita presence m the alkaline 
fluid, 

I have spoken of this globulin as an “intermediate” body aed 
assumed that it is eventually changed into peptones. Though this is 
probable, I have not yet demonstrated it by actual experiment, and its 
further changes must still be left uncertain. I think it likely moreover 
that this globulin corresponds to the hemi-albumose formed in tryptic 
digestion: as this product is also soluble in 10 p.e. sodium chloride 
solution. It, however, differs from this hemi-albumose in the fact that 
though precipitated by warming it is not soluble by heating still further. 
Its exact réle, as I have before stated, must at present be considered 
uncertain, 

In connection with this part of the subject, the reactions of the 
filtrates of mixtures of Papain in acid solutions may be mentioned: as they . 
present some peculiarities, As has been shown in Exp, vi, with small 
quantities of Papain in ‘05 p.c., ‘1 p.c. and ‘2 p.c. Hydric chloride 
solutions, no digestion occurs—as shown, by the absence of the character- 
istic reaction of peptones: but some of the albumen enters into solution, 
as all the filtrates gave a violet colour with copper sulphate and potash. 
Filtrate of mixture C. (with ‘05 p.c. HCl) gave no precipitate on 
careful neutralisation; but when made slightly alkaline and boiled a 
precipitate fell. No precipitate on boiling the acid liquid. 

Filtrate of D (‘1 p.c. Hydric chloride) gave no precipitate on boiling: 
but a copious neutralisation precipitate in the cold, not soluble in excess 
of alkali. The correspondence of this result with that obtained with the 
filtrate of digestion in 1 p.c. sodium carbonate solutions. will be noticed. 

Filtrate of E. (2 p.c. HCl) gave a neutralisation re soluble 
in excess of acid. 

_ The same remarks may be made about these results as were made — 
before with the reactions obtained from digestion in alkaline media: 
viz, that the ferment resists the change into ecid-albumin in °05 p.c. and 
‘l p.c. Hydric chloride solutions, though no digestion takes place: and 
that in ‘2 pc. Hydric chloride solutions, the amount of acid present 
overcomes this action of the ferment and ordinary acid-albumin, is formed. 
Further investigations however are necessary on this point, as well as 
on the results obtained from digestion in alkaline liquids. 

Whatever be the réle the globulin plays in the formation of peptones, 
there is no doubt that these are formed in abundance. The reaction of 
peptones with copper sulphate and potash is an exceedingly delicate one, — 
and may be obtained even if other soluble proteid be present. 
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The peptone formed is capable of diffusion, so that in a few hours 4 
well-marked reaction with copper sulphate and potash may be obtained 
in the liquid surrounding the dialyser. Peptones in a fairly pure state 
may be also readily obtaitied from the filtrate after digestion by 
evaporating this to small bik, filtering off the coagulated globulin, and 
adding large excess of alcohol. This precipitates the peptones, and if 
the liquid be allowed to stand four or five days, these settle at the bottom 
of the vessel in a sticky mass—the stickiness being due to the presence 
of leucin. (The alcohol contains peptones, though not because it dissolves 
them, as Wurtz stated, but because of the water it contains. If the 
filtrate be evaporated to dryness and rubbed up with absolute alcohol, 
no peptones are found in the liquid.) — 

The alcohol is poured off the sticky sediment, and a small quantity 
of cold distilled water added dissolves only the peptones, leaving the — 
leucin behind. With the aitated liquid, all the characters of peptone 
may be demonstrated. | 

The stickiness of the alcoholic precipitate of the concentrated filtrate 
was stated to be due to leucin. The presence of this body as the result of 
digestion can always be demonstrated: and in the following manner:—The 
Sticky sediment previously mentioned was shaken with distilled water 
and filtered: the residue on the filter was washed with boiling alcohol, 
the filtrate at first: clear soon became cloudy from a deposit of rounded 
masses, which redissolved by heat and were soluble in dilate acids and 
alkalies. A portion of this filtrate evaporated to dryness was mixed 
with a drop of strong nitric acid and again carefully evaporated: the 
dry residue gave a brown colour with soda. This reaction for leucin 
(Scherer’s test) is a very reliable one. 

Impure crystals of leucin in the form of rounded masses arranged in 
clumps may be obtained by concentrating the alcohol used to precipitate 
the peptones: and in a pure state by evaporating the alcohol carefully 
to dryness and exhausting the residue with a small quantity of boiling 
absolute alcohol. If this be filtered in an incubator at 45° C. the filtrate 


is quite clear, but in the eold deposits abundant clear, flat. crystals of 


pure leucin. Scherer’s test may also be obtattied with the residue 
from this filtrate. 


The presence of leucin is constant: in all digestions in alkalime and 
neutral solutions. 


I have had more difficulty in showing the presence of tyrosin, sia 
though formed in Papain-digestion, I think it is only in small quantity. 
I have been unable to find any crystals: though if the body is 
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present, they ought to erystallise out of the alcohol used to precipi- 
tate the peptones. Tyrosin gives the same test with Millon’s 
reagent as proteids: viz. a precipitate which turns red with the 
supernatant liquid on boiling. The ordinary method of applying the 
test to discover tyrosin as the result of pancreatic digestion is to add. 
Millon’s reagent, filter and then heat: but all the proteids are not 
precipitated by the reagent, so that the test is not an accurate one, as 
thus applied. It would perhaps be better to saturate with sodium 
sulphate after acidulating with acetic acid: or to add a concentrated 
solution of fresh ferric acetate, by both of which methods all the pro- 
teids in solution may be thrown down. 

I have, however, obtained definite evidence of the presence of tyrosin. 

by another method: viz. by evaporating the alcohol used to precipitate 
the peptones to dryness carefully and exhausting the residue with 
boiling absolute alcohol, and filtering at.45° C.—in fact the same method 
as I have used in preparing pure leucin. This filtrate shows the absence 
of proteids (peptones), by (1) giving no precipitate or cloudiness with a 
large excess of alcohol and (2) no pink or violet reaction with copper 
sulphate and potash. Millon’s reagent added to this liquid gives a 
precipitate which becomes brick red on heating, the liquid also being 
coloured. Tyrosin then is undoubtedly formed in Papain-digestion. 
_ We have, then, in Papain a proteolytic ferment acting almost exactly 
like Trypsin: similar in the proneness of decomposition in solution, 
in its erosion of coagulated proteid: in the formation of an “intermediate” 
body from the proteid ; and the formation of a perfect peptone, and of 
leucin and tyrosin, 

Interesting investigations are suggested by these experiments, viz. 
the réle of the ferment in the economy of the plant. Too much perhaps 
ought not to be deduced from artificial digestion experiments: because 
_ these are performed under abnormal conditions—there is no evidence to 
show that the Carica Papaya assimilates proteid or animal food. It 
seems to me that the line of research is rather in the direction of the 
action of the ferment on native albumin and vegetable, not animal ; 
and I hope soon to work in this direction—the subject, indeed, being i in 
its infancy. 

In conclusion, I have to thank Prof. Burdon- Sanderson for many 
valuable suggestions during the investigation. 
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THE SECRETION OF OXALIC ACID IN THE DOG 
UNDER A VARYING DIET. By T. WESLEY MILLS, 
M.A. M.D., Demonstrator of Physiology, McGill ‘University, 
Montreal, Canada. 


THE present research was undertaken with the object of determining 
by careful experiments the influence of a varying diet on the secretion 
of oxalic acid in the dog. Before however this could be satisfactorily 
done it was necessary to determine which of the methods known was 
the most accurate for the quantitative determination of oxalic acid in 
urine. There was for the urine of man a choice between three methods: 
those of Neubauer, Buchheim and Schultzen. Inasmuch as the latter 
may be regarded as that of Buchheim improved, the question was further 
narrowed to a selection of either the method of Neubauer or that of 
Schultzen. A careful comparison therefore of these two methods was 
undertaken. Fiirbringer’ after adding varying quantities of calcium 
oxalate to an “artificial urinary mixture” had reached the conclusion 
that the limit of error by the use of Neubauer’s method might reach 
35°/, and that the average error was 25°/,. He also considered that 
the higher results got by the use of Schultzen’s method were owing to 
the imperfection of this latter. However believing that an artificial 
“urinary mixture” may be very deceptive and conclusions based on it 
by no means final, a comparative examination of the two methods in 
question with a careful testing of the final precipitate for impurities was 
undertaken. | 

Neubauer’s method? is briefly as follows: From 400 to 600c.c. of 
urine is rendered alkaline with ammonia, and then treated with calcium 
chloride to precipitate the phosphates &c.; the precipitates thus arising | 
are dissolved in acetic acid, avoiding excess. After twenty-four hours the 
precipitate. thrown down is brought upon a filter previously exhausted 
with hydrochloric acid, washed with water and then treated with a few 
drops of hydrochloric acid to dissolve the calcium oxalate present; the 


1 Maly’s Jahresbericht, 1876. 
? Neubauer u. Vogel, Harnanalyse, 7 Aufl. S. 131 u. 252. 
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filtrate is treated with very dilute ammonia in sufficient excess, and after 
standing twenty-four hours the calcium oxalate thus arising is filtered off 
through a small filter of known ash weight; the filter and precipitate 
are strongly fused in a platinum crucible to reduce the calcium oxalate 
to oxide. The weight of calcium oxide thus found multiplied by 1°6071 
will give the corresponding amount of oxalic acid. Czapek’ by a 
modification of Neubauer’s method considered that he had reduced 
the error of this method to 25°/, He also however used an “ artificial 
urinary mixture.” 

Schultzen’s method?’ may be stated as follows: the urine is made 
weakly alkaline with ammonia and sufficient calcium chloride added to 
fully precipitate the phosphates, the whole evaporated to a very small 
volume and extracted with strong alcohol. After standing twelve hours 
the alcoholic extract is filtered and the filter is washed first with alcohol | 
and ether; then with water to remove the alkaline sulphates; and 
finally with acetic acid to remove the greater part of the calcium 
phosphate; what still remains undissolved is then dissolved with hydro- 
chloric acid and filtered; the filtrate is rendered alkaline with ammonia 
and then made strongly acid with acetic acid. The precipitate arising 
is filtered off, and changed into calcium oxide &ec. as by the method of 
Neubauer. 

Firbringer’ had also proposed that the total quantity. of urine for 
the twenty-four hours should be operated upon, and that an alcoholic 
solution of thymol should be added to the urine to prevent as much as 
possible the entrance of bacteria, which latter militate so much against 
rapid filtration. The following tabular statement will show the results 
of a comparative examination of these methods. 


Quantity of New Result b Schult. 
Urine used, | bauer’ 8 maethod. | zen’s Sot. Difference, 


200 ¢.0. unweighable 00964 gr. 00964 grm. 
200 ,, ‘0003 grm. ‘01044 ,, ‘01014 ,, 
500 ,, 0056 __,, ‘01848 ,, 01288 ,, 
400 ,, not determined} -02089 ,, | 


400 ¢.c. urine by Neubauer’s method gave °008 gr. oxalic acid. The 


1 Huppert’s Neubauer u. Vogel. 
2 Arch. f. Anat, u. Physiol. 1868, 8. 719. 
3 Firbringer, P. Zur Oxalsaure. idung durch den Harn. Acad. Habilitations- 


sche, Leipzig, 1876, 
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same quantity after being previously evaporated to one half its volume 
gave 0083 grm. 

In reaching the results tabulated above, the methods as given by 
their authors (a short account of which is to be found in Die Lehre vom 
Harn von Salkowski u. Leube, which account in fact I have simply 
freely translated) have been followed with the following modifications: 
(1) In using Neubauer’s method acetic acid was always added to the 
fluid before the final filtration in order to make certain that no calcium 
sulphate &c. should contaminate the calcium oxalate. (2) In Schult- 
zen’s method the direction to wash with water and acetic acid after the 
use of alcohol and ether was found superfluous, for such urine as was 
used for these determinations, that is for normal urine; and as the 
method is at the best somewhat time-consuming such a modification is 
desirable. I am not however prepared to say that there may not be 
specimens of human urine which require the full treatment as recom- 
mended by Schultzen. 

All the above precipitates after fusion in the platinum crucible (and 
weighing) were tested for sulphuric acid (calcium sulphate), by allowing 
the crucible to remain for a considerable period at a dull red heat to 
bring any sulphate present that might have become in the previous 
fusing reduced to sulphide back to sulphate and, after solution in 
hydrochloric acid, by adding barium chloride. 

In order to test whether it was probable that calcium sulphate, as 
supposed by some, would appear in the final precipitate of Schultzen’s 
method the following experiment was made: a considerable quantity of 
calcium sulphate (not weighed but at least one gramme) was dissolved 
in hydrochloric acid; the solution filtered, ammonia added to alkaline 
reaction, then acetic acid till the reaction was decidedly acid; No 
precipitate appeared for six days; after allowing the fluid to stand for 
several days more & precipitate appeared which however when dried and 
fused to calcium oxide weighed only 001 gramme, From this it will be 
seen how unlikely an impurity calcium sulphate would be. 

Such experiments however cannot be considered decisive in the case 
_ of a fluid so complicated and peculiar as urine any more than those with 
an “artificial utinary mixture.’ It may be further remarked that in 
general I have allowed more than the time recommended to elapse 
before the precipitate was collected in using Neubauer’s method, for I 
am thoroughly convinced that the time given by the author of the 
method is far too short to allow of the precipitation of even as much 
calcium oxalate as the method thus modified allows, 
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The following conclusions seem warranted by my experiments: (1) 
There is a very great difference in the results obtained by the methods 
of Neubauer and Schultzen respectively which is explicable by the fact _ 
that the former method gives results much below the true ones. (2) If 
one may judge by a single caso Neubauer’s method will give better 
results if the urine be first considerably condensed by evaporation. 
(3) Much better results can be obtained by Neubauer’s method, if 
the period for allowance of the subsidence of the precipitates, especially 
the final one, be much lengthened. (4) For normal human urine the 
use of water and acetic acid to remove phosphates and sulphates by 
Schultzen’s method are superfluous: (5) It seems clear upon the 


_ whole therefore that Schultzen’s method should be employed instead 


of Neubauer’s for the quantitative determination of oxalic acid in 
— human urine, - | 


The attempted application of Schultzen’s method, modified as 
indicated above, to dog’s urine proved abortive, for after proceeding to 
the washing of the precipitate on the filter with alcohol and ether and 
immediate solution of the same in hydrochloric acid, a considerable 
quantity remained undissolved, which proved to be chiefly calcium 
sulphate and not uric acid, as is the case in human urine. Again, after 


treatment of this filtered solution by the use of hydrochloric acid with 


ammonia and acetic acid, the precipitate thrown down was not found 
pure calcium oxalate but contained both phosphates and sulphates. 

After trying numerous experiments to arrive at 4 satisfactory method, 
the following treatment, was found to yield the pure precipitate of 
calcium oxalate, Urine is filtered, made alkaline with ammonia, the 
phosphates &c. precipitated fully with calcium chloride; the whole 
evaporated almost to dryness; exhausted with strong (95°/,) alcohol; 

after standing twelve hours filtered, washed with alcohol and ether, 

then with water and finally most thoroughly with acetic acid, which will 
considerably reduce the bulk of the precipitate remaining on the filter 
(which filter should before use have been exhausted with hydrochloric 
acid); what now remains on the filter is treated with hydrochloric acid, 
the filtrate thus obtained rendered alkaline with ammonia and when 
cold acetic acid is added till it is decidedly acid ; allowing this to stand © 
forty-eight hours filter through a filter exhausted with hydrochloric acid, 
and if the precipitate had been in the slightest degree flocculent, as 
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generally proves the case, treat the filter with a little hydrochloric acid, 
and proceed as before to get a precipitate of calcium oxalate, and repeat 
this as often as may be necessary to get a precipitate without any 
suspicious flocky aspect. Finally dry, fuse &c. as in all other cases. 

This method is very tedious but if carefully carried out will give a 
pure precipitate of calcium oxalate. 

Having thus obtained a reliable method for the determination of 
oxalic acid in dog’s urine, an investigation was undertaken upon a dog 
with a view of determining the influence of diet upon the secretion of 
oxalic acid (Stoffwechsel Versuch). The research was carried out in the 
following manner, and is, so far as I know, the only one made as yet 
upon one of the lower animals to solve the problem proposed. | 

Hammerbacher' had made experiments to determine the influence 
of feeding with alkalies on the secretion of oxalic acid; but in this case 
the food given the dog was of a somewhat ill-defined character. The © 
problem before me was to get an animal which could be brought into 
“nitrogenous equilibrium”; one that would hold the urine twenty- 
four hours, and that would take the food offered in desirable quantities 
and still remain in health. It was assumed that with nitrogenous 
equilibrium, the urine (and faeces) would be an expression of the 
metabolism of the animal so far as it went of so exact a kind as to 
render conclusions based upon an analysis of them quite reliable. For 
the purposes of this case it was not necessary to work upon the faeces, 
and from the table soon to be presented it will appear that the results 
as obtained from analysis of the urine alone, show that the animal 
throughout remained in tolerably close nitrogenous equilibrium. 

A large dog (a female) weighing rather more than 31 kilos was 
obtained and throughout kept constantly under observation in one of 
those cages used in Germany for the purpose, provided with a movable 
bottom lined with zinc, with an outlet for urine which can thus, if 
voided, be collected in a vessel placed below; the animal lay on a 
thick meshed wire work for support a few inches above the real bottom, 
an arrangement which prevents the faeces from mingling with the 


urine. After a few days’ flesh diet the dog was found to be practically _ 


in nitrogenous equilibrium, and then the determinations of the daily 
secretion of oxalic acid &c. were begun. The diet throughout was, (I) 
Flesh, (II) Flesh and Fat, (III) Flesh and Carbohydrates, The flesh — 
used was the best horse flesh obtainable, and was further freed from 


1 Pfliiger’s Arch, f. d. ges. Phys. Bd, xxxiu. 
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extraneous matters (fasciae &c.) before being used. The fat was “ Speck” 
or fat smoked bacon ; the carbohydrate, rye bread. Diets IL. and III. 


were cooked after weighing and mixing. The daily procedure was as 


follows: punctually at the same hour the dog was removed from the 
cage, placed on a clean table, catheterized, weighed and fed, and 
after a few minutes exercise was again placed in the cage. In those 
cases in which the urine was voided in the cage, the bottom previously 
referred to was washed out with warm water and the washings added 
finally to the urine when it was being diluted. The urine as soon as 
collected was measured, the reaction determined, then diluted to 800 cc., 
the specific gravity noted and filtered. Thus prepared, the urine was 
used for the determination of (1) Oxalic acid, (2) Nitrogen. In order to 
determine the total nitrogen of the urine, the Schneider-Seegen 
method’ was employed. This method consists in brief in heating a 
known small quantity of diluted urine with soda lime, and receiving the 
ammonia resulting in sulphuric acid of known strength, and when the 
process is completed titrating the sulphuric acid with sodium carbonate | 
of known strength, The quantity of ammonia given off is thus deter- 
mined, and from this that of the nitrogen. The method was carried out 
as given in Die Lehre vom Harn, von Salkowski u. Leube, except that I 
have found it necessary in the case of dog’s wrine to continue the heating 
for about one hour and a half in order to insure a perfect result. 

The table on the opposite page will indicate the results of the 
research as thus carried out : 

Assuming that 100 grammes of flesh contain 3:4 grammes nitrogen, 
750 grammes of flesh would give a total of 25°50 grammes nitrogen, 
while 500 grms. flesh would furnish 17 grms. nitrogen ; and a comparison 


of these figures with the quantity of nitrogen actually found daily in the 


urine, under the varying quantity of nitrogenous material given, shows 
that the equilibrium was fairly well maintained. The bread obtainable 
in Berlin on which the animal was fed contained. so small a quantity of 
nitrogen, that the latter was not taken into account, but this diet. was re- 
garded as practically pure carbohydrate. Most of the final precipitates were 
tested for phosphorie and sulphuric acid and with negative results. It 
is important to note that this applies also to the numbers in the above 
table, indicating a relatively large quantity of oxalic acid, so that it 
cannot be supposed in such cases that the increase in weight was due to 
impurity. During the last few days of the research the animal suffered 


1 Die Lehre vom Harn, Salkowski u, Leube, Berlin 1882. 
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from a moderate attack of catarrh of the bladder, the weather being 

very warm; but rapidly improved under washing out the bladder with — 
a one per cent. solution of thymol, the urine remaining acid. Feser 
and Friedberger’ found in the urine of horses not alone the envelope 
form of calcium oxalate but also quadratic prisms with pyramidal end 
‘surfaces, occurring occasionally alone but more frequently in company 
with the commoner form. After microscopic examination of many of 
my precipitates as obtained by the above treatment, I am satisfied that 
. the same forms be be derived from dog’s urine. 


Conclusions. 


_ (1) Under all three diets given oxalic acid was daily found in the 
urine in determinable quantity. (2) The average for seven days’ flesh 
diet was 0103 grms. It will be seen that this was larger than by 
either of the other diets; and the strong acid reaction of the urine 
throughout even under unfavourable conditions (catarrh) points to the 
flesh diet as a cause of the same. (3) The average under diet (2) for 
5 days, 0055 grammes, denotes a decided falling off under the substitu- 
_ tion of fat for flesh. (4) The average under diet (3) for 7 days is 0033 _ 
grms. and shows that carbohydrates do not increase the secretion of 
oxalic acid but the contrary. 

The very large quantity of oxalic acid secreted on July 4th, being 
the day following an attack of diarrhea, is noteworthy. The sources of 
_ oxalic acid in the organism, apart from that existing preformed in the 
diet as oxalates, are very obscure and no discussion of this subject will 
_ be attempted in the present paper. 

. . The above research was made in the laboratory for physiological 

&e. chemistry of the Pathological Institute in Berlin under the direction 
_ of Professor Salkowski, to whom I beg thankfully to acknowledge my 

obligations, 


1 Zeitschrift f. praktische Veterindr-Wissenschaften, Bern, 1874, Jabrgang, nr. 2. 
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ON THE COMPARISON OF THE CONCENTRATIONS OF 
- SOLUTIONS OF DIFFERENT STRENGTH OF THE 
SAME ABSORBING SUBSTANCE. By SHERIDAN 


LEA, M.A., Trinity College, Cambridge. 
(From the Physiological Laboratory in the University of Cambridge.) 


In a recent number of the Proceedings of the Cambridge Philo- 
sophical Society’, Glazebrook has described a form of Spectrophoto- 
meter, which from the simplicity of its construction and accuracy of its 
working seems peculiarly suitable for both teaching and research 
purposes in a physiological laboratory. In principle it is constructed 
on the same lines as a similar instrument described by Hiifner’, but 
differs from it in that the light from both sources is polarised, whereas 
in Hiifner’s instrument only the light from one source is polarised. 
In this respect it presents advantages over Hiifner’s instrument, inas- 
much as that in the latter, although there is no Nicol prism introduced 
in the path of the light which yields one of the spectra, still by the 
reflexion and refraction which the light undergoes at the surface of the 
mirror and in its passage through the prisms, this light is in reality 
| slightly polarised. Hence the intensity of the spectrum formed by this 
light is altered as the analysing Nicol in the eye-piece is rotated, and 
unless the error thus introduced, which is however small and calculable, 
be allowed for, an unknown error is introduced into the observations. 

In Glazebrook’s spectrophotometer the light from each of two 
sources is polarised by a Nicol prism and then allowed to pass through 
a direct vision prism, whereby two adjacent superposed spectra are 
obtained. These spectra are then observed through an eye-piece in 
which is an analysing Nicol. This eye-piece is capable of being rotated 
on its axis, the amount of rotation being measured by a pointer which 
moves over a circle divided into degrees. The light from each source 
passes through a narrow slit of adjustable width, in order to obtain 
a pure spectrum, and the spectra are seen through a narrow slit in the 


1 Vol. rv. Pt. vi. p. 804. See also Glazebrook and Shaw, Practical 
2 Journ. f. prakt, chem. N.F, Bd. xvt. 1878. 
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eye-piece so that only a strip of each spectrum is seen, and thereby a 
uniform hue is obtained in each portion of the spectrum which is seen. 
One method of using the instrument is as follows. Set the pointer of 
the eye-piece at 0° of the divided circle and then rotate one of the 
polarising Nicols until the spectrum formed by light passing through 
this Nicol is completely eclipsed; now set the pointer at 90° and rotate 
the other Nicol until the second spectrum is eclipsed. If now the eye- 
piece Be rotated until its pointer is about half-way between 0° and 90°, 
some position can be found in which the two spectra are of equal 
brightness. Now Ict some solution containing such a substance say as 
haemoglobin be introduced into the path of the light which forms one 
of the spectra, then the equality of the spectra will no longer exist, 
owing to the absorption of some light by the haemoglobin. In this 
case in order to again produce equality of the spectra the eye-piece 
must be rotated into some fresh position. It is shown in Glazebrook’s 
paper (p. 307) that if @, is the concentration of the solution, m the 
thickness of the layer of it through which the light is passing, and & the 
amount of light lost by reflexion and absorption at the surface of the 
containing vessel, then | 


where A is some constant for the absorbing substance. | 

Now let @ be the angle through which the eye-piece was rotated 
from 0° in order to produce the original equality of the spectra referred 
to above, and # the angle of rotation required to again produce equality 
when the absorbing solution is interposed in the path of the light from 
one source. Then it is also shown that 


and hence the expression (i) becomes 


2 log 


tan 

hide now that a solution of haemoglobin differing in concentra- 
tion from the one first used be placed in the same vessel, and same 
position, and let C, be the concentration of this solution. — The eye-piece 
will in this case have to be rotated through some angle 6 in order to 


again produce equality of the spectra. The concentration of this second 
solution will be represented by 
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25 
tan 0 
log tan 0 — 
Hence 0, logy ~ Tog tan 6 — log tan 0” 
tan 0” 


Thus if the concentration, i.e. the weight in grams per cubic centi- 
metre, of one of the solutions is known, the unknown concentration of 
the solution of the same substance is at once determined’. 

When using the spectrophotometer I have found that the working 
out. of the above expression with a set of tables presented some 
difficulty to the students, and that the results they obtained were 
somewhat discordant. Moreover unless the concentration of the solu- 
tions under examination is comparatively small, then the angles @ and 
@” are large, and as the tangent of an angle increases very rapidly as 
the angle nears 90°, so a very slight mistake in the determination of 
these angles leads to a great error when the value of the equations is 
obtained from the tables. This can however be avoided by diluting the 
solutions to a known amount, so that the valnes of @ and @ lie 
somewhere between 40° and 60°. 

I have found the following to be a simpler sailed of using the 
spectrophatometar for such determinations as that of comparing the 
concentration of an unknown solution of haemoglobin with that of a 
standard solution. 


1 The above equation does not take into account the loss of light due to reflexion from 
the surfaces of the cell in which the solutions are examined. : For ordinary physiological 
purposes this may perhaps be neglected, since it will be small as compared with the loss of 
light due to the absorbing power of the solution. If however it is desired to make 
allowance for the loss due to reflexion, it is necessary to determine the following 
angles :— 

@ the angle of rotation of the eye-piece required to produce equality of the spectra 
when the two sources of light are viewed without the interposition of any cell: 

6, the angle when the cell filled with water is interposed between one source of light 
and the corresponding Nicol : 

one of the solutions under examination is 
interposed. 

tan?9 


Glazebrook, loc, cit. p. 307. 
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Adjust the instrument so that one spectrum is eclipsed when the 
eye-piece is at 0° and the other when it is at 90°. Pour into a 
haematinometer a dilute solution of haemoglobin of known strength 
and introduce it between one of the sources of light and the corre- 
sponding Nicol; now rotate the eye-piece until exact equality of the 
two spectra is established, repeat this several times and take the mean 
of the several readings. Note the angle of rotation thus obtained and 
set the pointer of the eye-piece accurately at this angle. Now remove 
the haematinometer, clean it out, introduce a measured quantity of the 
solution of unknown strength into it, and replace the haematinometer 
in the same position which it occupied when filled with the standard 
solution. It is obvious that unless the concentrations of the unknown 
and standard solutions are the same the two spectra will no longer be 
of equal brightness. Suppose that the unknown is the more 
concentrated of the two: add water from a sa irate the 
solution in the haematinometer until by this dilution the two spectre 
are again of equal brightness. This point can be determined with 
great ease, and it is then known that the diluted solution contains the 
same amount of haemoglobin per cubic centimetre as the standard 
solution, for it is producing the same absorptive effect under the same 
conditions. The volume of the solution before being diluted is known, 
as also the amount of dilution, and from this and a knowledge of the 
amount of haemoglobin per cubic centimetre in the standard solution 
the concentration of the unknown solution can be at once determined. 
This method, it will be seen, is an application of the spectrophotometer 
to determine the equality of the colorific intensity of the two solutions 
when estimating the amount of haemoglobin by Hoppe-Seyler’s 
method, instead of merely determining it by the unaided eye. It is 
simple and exact, requiring only one angular reading to be taken with 
the instrument, and can be carried out in much less time than is 
possible where a number of angular readings have to be taken and the 
values of the expressions thus obtained to be looked out in a set of 
tables. I have used it with my class for the determination of the 
amount of haemoglobin i in blood and have obtained Seniority satis- 
factory results. 

It occurred to me while using the instrument that perhaps the 
comparison of the concentrations might be still further simplified in the 
following way. Adjust the instrument as in the method just described 
so that the two spectra are equally bright when a known thickness of 
the standard solution is interposed between one source of light and the 
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corresponding Nicol. If now the solution of unknown concentration is 
examined in the same thickness under the same conditions and its 
concentration is greater than that of the standard, then the spectra will 
no longer be of equal brightness. In this case as before, the equality 
can be produced by diluting this solution: but it can also be produced 
by reducing the thickness of the layer of it through which the light is 
passed. It seemed at once probable that the relative concentrations of 
the two solutions (standard and unknown) would be inversely propor- 
tional to the thicknesses of their fluid layers which are found to produce 
the same effect on the spectrophotometer, and that hence it would only 
be necessary to determine these thicknesses in order to compare the 
concentrations of the solutions. This supposition is in reality correct. 


In Glazebrook’s paper (Loe. cit. p. 307) it is shown that for any 
solution whose concentration isC,, 


where A is a constant, m, is the thickness of the fluid layer, J the 
intensity of the mee incident on the surface of the fluid and J, the 


| | 
If then the thicknesses of the fiuid layer of the two solutions be 
adjusted until they each produce the same effect, when placed before one 
of the Nicols of the spectrophotometer, then the intensity of the light 
after passing through each must be the same, and hence I, =I, 
From this it follows at once ha 


so that the relative concentrations of oa solutions of the same absorbing 
substance can be determined directly by measuring the thicknesses of 
their fluid layers which produce the same effect on the spectrophotometer. 
The preceding equation can also be obtained from the following simple 
considerations’. “If C be the concentration, Cm will be proportional to 
the Lied of absorbing material through which the light passes. If, 


1 Practical Physies, p. 844. 
PH. V. | 17 
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1 ed intensity of the same light alter passing throug e % 
thickness m, of the fluid. . q 
Similarly for any other solution of the same absorbing substance _ 
whose concentration is C, 2 q 
A 
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then, we suppose that with the same absorbent the loss of light depends — 
only on the quantity of absorbing matter through which the light passes, © 
since in the two cases the loss of light is the same, we must mee 


Cm = C,m,.” 


The instrument which I use for varying the thickness of the solutions 
is a modified form of haematoscope to which I would give the name of 
Absorptiometer.. The inner tube, instead of merely sliding freely in and 
out of the outer tube, has a thread cut on its outer surface, and is thus 
_ made to screw into the outer tube. When it is screwed home, the two 
glass plates of the instrument are in contact, so that no fluid can 
penetrate between them, and obviously as the inner tube is unscrewed 
these plates may be separated to any desired extent up to about three 
inches, The screw on the inner, tube has twenty-five threads to the 
inch, so that one complete revolution separates the plates J, of an inch. 
In order to facilitate the reading there is a projecting flange on the 
outer end of the inner tube, and a sliding scale working along the outer 
tube and divided into twenty-fifths of an inch, which can be made to rest 
with one end against this flange. When the glass plates are in contact 
the zero of the sliding scale coincides with a mark on the outer tube, 
and if the inner tube be unscrewed through any number of complete 
revolutions, it is only necessary to slide the scale until its end rests 
against the flange in order to read. off at once the number of revolutions, 
ie. the thickness of the fluid layer between the plates. The flange 
mentioned above is moreover divided into ten equal parts, and the 
marks -indicating these divisions pass by a notch in the end of the 
sliding scale above described, so that not only can a complete revolution 
of the inner tube be read off, but also tenths of a revolution. _ 

In order to test the accuracy of the above method I have made 
-@ considerable number of experiments, and I find the results very 
satisfactory. Of course, as is always the case when working with euch 
an instrument as a spectrophotometer, practice alone will ensure 
accurate results, for there is scarcely any determination which is at 
first more uncertain than to decide when two colours are of the same 
hue and tint. 

I give the following as examples of some of my results. 

I took a standard solution of haemoglobin and requested a friend to 
dilute a portion to a known amount, which was of course memes 
tome. 

ta C, = the concentration of the standard solution (A), 3 in grams 
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of haemoglobin per cubic centimetre, and C, that of the diluted 
portion (B). 

Experiment I, I took a wine of the standard solution ge of an inch 
thick and equalised the spectra, and found that the spectra were again 
equal when a layer of the diluted solution $ inch thick was introduced. 


13 


Experiment IIT. oF of B gave same effect as = of A. 


C, 65 


IL and III, = 228. 


"I found subsequently that B had been made: ne adding 12°5 cc. of 
water to 10 c.c. of A, so that in reality 
=2 
The standard solution contained ‘136 grm. of haemoglobin in 100 c.c.: 
from this the diluted solution contained ‘06044 "Te From my — 
it was found to contain 06104 °/,. 

In another experiment 3°15 grams of defibrinated blood. were 
diluted to 50 ¢.c. with water. When compared with a standard solution 


of haemoglobin I found that a layer > or inch thick produced the same 


effect on the spectrophotometer as a produced by a layer y& inch 
thick of the standard solution. From this the concentration of the 
diluted blood is equal to the concentration of the standard solution 
x 2°94, The standard solution contained ‘003 grm. of haemoglobin 
in each 1c.c., hence there were 50 x 003 x 2°94 = ‘441 grm. of haemo- 
globin in 3°15 grm. of blood or 14°/,, an amount which 1 is usually taken 
as normal. 

In addition to being used as a spectrophotometer Glazebrook’s 
instrument may be used for two other purposes of considerable physio- 
logical interest, firstly, as a means of testing colour blindness, and 
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secondly, for the comparison of mixéd spectral colours with any one 
colour of a pure spectrum. The eye-piece through which the spectra are 
seen is capable of being moved horizontally so that a narrow uniformly 
coloured strip of any part of the spectra can be placed in the field. 
The light from one of the sources is made to fall into the direct vision 
prism after being reflected from a mirror; by rotating this mirror about 
a vertical axis any one portion of the spectrum formed by reflected light 
canbe placed vertically below any portion of the spectrum seen directly, 
and hence the colour-perception of any observer can be at once tested by 
requiring the observer to match the hues of the strips of the two spectra 
by rotating the mirror. In order to match the mixed spectral colours 
with any one colour of a pure spectrum, a doubly refracting prism 
is introduced into the path of the light which gives the spectrum seen 
directly, according to the method first suggested by Lord Rayleigh’. 
By a proper adjustment of this prism any two colours of this spectrum 
can be seen as mixed, and by rotating the mirror any portion of the 
spectrum seen by reflected light can be compared with the mixed 
colours until an exact match is obtained*, s 


1 See Nature, Vol. xxv. Nov. 17, 1881, P. 64, 
2 See Practical Physics, p. 345. 
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ON THE MUTUAL ANTAGONISM BETWEEN LIME 
AND POTASH SALTS, IN TOXIC DOSES. By 
SYDNEY RINGER, M.D., Professor of Medicine at Univer- 
sity College, London. 


IN previous communications’ I showed that in physiological 
quantities there is a mutual antagonism between lime and potash salts, 
and that through this very antagonism the proper contraction of the 
heart is maintained. When lime is unantagonized by a potash salt, 
then great delay of the cardiac dilatation ensues, so that before the 
completion of dilatation another contraction begins. The beats thus 
become fused and the ventricle not dilating completely, or even very 
slightly, the amount of blood propelled with each systole is much 
reduced in quantity and consequently the circulation much retarded. 
At this juncture a physiological quantity of any potassium salt 
accelerates the dilatation and carries it to completion before the next 
contraction begins, and so the circulation is maintained. 

In this paper I propose still further to develope the antagonism 
subsisting between these salts, and shall show that lime and potash 
salts are antagonistic not only in physiological but also in toxic doses. 

_ _A few years ago an interesting controversy arose respecting the 
mutual antagonism of drugs. On one side, Schmiedeberg, Heiden- 
hain, Luchsinger, Langley and Prevost maintained that drugs 
might be mutually antagonistic, whilst Rossbach denied this state- 
ment, The former maintained that the effect of a drug might be 
antagonized by a second drug, which if increased in quantity would 
manifest its own individual effects, but these effects could be removed 
(or antagonized) by increasing the quantity of the first drug. To take 
an example from Schmiedeberg ;—atropin will antagonize the action 
of muscarin, and muscarin the action of atropin on the heart. To take 
another instance from Langley ;—atropin will antagonize the action 
_ of jaboraridi on the submaxillary gland, and vice versa, if after atropin 
has antagonized the action of jaborandi a further quantity of jaborandi 


' Journ. of Phys. Vol. 11. and tv. 
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is administered, it will overcome the action of atropin and salivary 
secretion will return. 

Rossbach disputes this and maintéiné that whilst one drug 
increases another depresses or suspends function, and the drug which 
increases function can never overcome the effect of a drug that has 
abolished function. He admits that when atropin arrests the secretion 
of the sweat glands, pilocarpine may produce perspiration, but he 
asserts that this occurs only with a small dose of atropin just sufficient 
to paralyse the secretory nerves, but not the secretory cells of the gland, 
and that pilocarpine stimulating the cells may produce perspiration. 
But he maintains that a larger dose of atropin paralyses both the 
secretory nerves and the secretory cells, and after this stage no amount 
of pilocarpine will excite perspiration. 

Luchsinger and especially Langley’ have carefully and elaborately 
investigated this question and have established I think without doubt 
that drugs may be mutually antagonistic. 

In this paper I hope to prove conclusively that drugs can be 
mutually antagonistic, and I shall show that a toxic dose of calcium 
chloride can be quite antagonized by a toxic dose of potassium chloride 
and vice versi; that a toxic dose of potassium chloride sufficient not — 
only to arrest spontaneous beats, but sufficient to prevent a strong 
induction shock exciting any contraction, can be antagonized entirely 
by a toxic dose of calcium chloride; thirdly, by the careful apportion- 
ment of the two salts their antagonism can be so nicely balanced, that 
the ventricle will beat spontaneously and quite naturally. 

Moreover, in another paper I shall show that a toxic dose of 
potassium chloride will antagonize a toxic dose of veratria, and vice 
versa, that a toxic dose of veratria will antagonize a toxic dose of 
potassium chloride ; and again these two substances may be given with 
such equipoise as completely to antagonize each other so that the 
ventricle will beat quite naturally and spontaneously. 

So that, in the case of calcium chloride and potassium thlonide: and 
again in the case of veratria and potassium chloride, we may have in 
the circulating fluid two of each series present in toxic doses without 
either poison exerting any influence on the ventricle, which goes on 
beating spontaneously and normally, Yet if one salt were administered 
singly it would powerfully affect the functions of the ventricle to an 
extent incompatible with life. 


1 For a good account of the controversy on this subject, see Langley, Journal of 
Physiology, Vol. 11. p. 11. 
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_ These experiments were conducted in all.respects like those recorded 

in preceding papers; but instead of using blood solution I employed a 

solution consisting of 100 c.c. saline solution containing 1 c.c. 

of solution of sodium bicarbonate, 0°75 c.c. of potassium chloride, and 1 c.c. 

to 2c.c. (according to the temperature and condition of the frog) of calcium 

chloride, 1°/, solutions, Most of these observations were made during 
May and June. 

Whether supplied with blood or with circulating fluid, if the 
ventricle ceases to act for some time, the ensuing beats whether 
occurring spontaneously or due to stimulation take on the “ stair-case” 
character. The longer the ventricle remains without contracting the 
more accentuated the stair-case becomes, This “stair-case” character 
of the trace, I shall now show, depends in part on the relative amount of 
calcium and potassium salts in the circulating fluid. 

Potassium salts favour, whilst calcium salts lessen or remove this 
effect of a suspension of beats on the ensuing contractions. 

I. By increasing the quantity of lime in the circulating fluid this A 
character of the trace even _— a long suspension of the contractions 
is quite obviated. 

II. If the relative quantity of potash to calcium chloride is 
increased either by lessening the lime or by increasing the potash salt, 
the stair-case character becomes still more evident. Thus if we use 
half the quantity of lime necessary to produce a complete contraction 
and a long diastolic pause ensues, the first contraction is very feeble 
and the contraction and relaxation very slow, the beats gradually 
increase in strength whilst the trace consequently rises higher and 
higher, the improvement of the beats being prolonged over a con- 
siderable time. On adding more lime the stair-case character becomes 
much less marked, or it is abolished. | 

_ JIL. On the other hand, if we add a potassium salt like potassium 
chloride to the circulating fluid we produce the same-results in addition 
to considerable weakening of the contractions. This is well seen on 
adding 5c.c, of 1°/, solution to 100c.c. of circulating fluid. On adding 
enough chloride of calcium solution we cannot produce the stair-case 
character, no matter how long the interval that the a remains 
without contracting. 

Not only are lime and potassium salts mutually sulimiiiiia in 
regard to the character of the beats just described, but I shall now 
show that they are mutually antagonistic in respect of their influence 
on contractility. | 
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If we add 10 to 15c.c.". of 1°/, solution of potassium chloride to 
100 c.c. of circulating fluid the contractions grow weaker and weaker, and 
at last the ventricle stops in diastole and refuses to contract on the 
application of a strong induction shock. On adding to the 100c.c. of 
circulating fluid 1c.c, of 10°/, solution of calcium chloride, contractility 
returns and becomes as complete as at the beginning of the experiment. 

Here then we see that a toxic dose of potash sufficient to arrest 
contractility in the ventricle is quite antagonized by a toxic dose of 
lime chloride, both salts being present at the same time in the 
circulating fluid, In other words, two substances, each sufficient to 
profoundly affect the ventricle when added singly to the circulating 


fluid, will when added jointly in proper quantities, mutually anta- 


gonize each other so that the contractions of the ventricle are _ 
normal in character. 

The lime we see quite ‘acai the poisonous effects of the potassium 
chloride, so far as the contractility is concerned, though in some other 


respects the potassium effects persist. 


Faradization of the ventricle supplied with either blood or. eixcolating 


fluid, increases the frequency of the contractions and induces fusion of 


the beats more or less complete, in proportion to the strength of the 
faradization, and a sufficiently strong current produces complete tetanus. 
On adding a potash salt to the circulation these effects are singularly 


_ modified. The fusion grows less and less, and at last in spite of very 


strong faradization, as with a one-celled Daniel] battery and the 
induction coil at 0, the spontaneous beats continue quite unaffected, 
this strong current being quite powerless to influence the contractions, 
With a still larger dose of potash the faradization arrests the sponta- 
neous contractions, which recommence on the discontinuance of the 
faradization. This effect of potash, ie. the arrest of beats through 
faradization, I have failed to obtain in my recent experiments, but 
whether this discrepancy is due to the time of year or to my using 
circulating fluid instead of blood I am not at present able to say. 

Now after.a large dose of calcium chloride has obviated the poisonous 
effects of potassium chloride on contractility, these other effects persist ; 
for a faradaic current which before the addition of potash and lime 
caused tetanus is now quite inoperative, and a current even much 
stronger produces scarcely any effect, the beats being only a little more 

1 The amount of potassium chloride required to weaken or arrest the ventricle depends - 


on the amount of lime the circulating fluid contains; if it contains 2¢.c. to the 108 c.c, it 
will require more than given above. 
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frequent but not frequent enough to cause even partial fusion. Still 
the potash only suspends the effect of faradization, for on replacing the 
_ poisoned circulating fluid with simple circulating fluid faradization 
resumes its normal sway and causes fusion and tetanus. 

_ Calcium chloride in toxic doses we have just seen will antagonize 
toxic doses of potassium chloride, and the same experiments of course 
prove that potassium chloride will antagonize calcium chloride. I pro- 
pose now to describe additional experiments showing the antagonism of 
potassium salts for calcium salts. 

A. physiological dose of potassium chloride lessens the effects of 
even large toxic doses of calcium chloride to a considerable extent, and 
prevents many of the effects that occur when no potassium salt is 
present in the circulating fluid ; hence I shall speak first of the. effects 
of toxic doses of calcium diloride added to saline solution and then of 
toxic doses of calcium chloride added to circulating fluid. 

When calcium chloride is added to saline solution, it delays the 
ventricular dilatation following a contraction; and the delay is in 
proportion to the amount of lime, comparatively slight with a physio- 
logical quantity but considerable with a large dose. For instance, 
after the addition of 3 c.c. of 10°/, solution to 100 c.c. saline solution, 
the ventricular beat lasted thirty seconds, much of this time being 
occupied with dilatation. 

If we first take a trace with circulating fluid, and then replace this 
with 100 c.c. saline solution containing 3 c.c. of 10 °/, solution of 
calcium chloride, in a short time the beat becomes enormously pro- 
longed. After a time the contractions grow shorter and shorter in 
duration and slight contracture sets in, 80 that the whole trace rises 
higher above the base line. | 

Next the beats grow weak and very little longer in duration than 
with circulating fluid or blood, and at last the ventricle stops in 
diastole. The larger the dose of calcium chloride the quicker these 
changes occur, and after a large dose the duration of the beat is never 
so considerable as with a more moderate dose, as 3 c.c, These are the 
same changes, though much more marked and occurring in a much 
shorter space of time, as happen when a physiological dose of calcium 
chloride is added to saline solution. 

_ At every stage the changes induced by lime can be obviated by a 
moderate dose of 1 °/, solution of potassium chloride. If added to the 
circulating fluid when the beat is greatly prolonged and therefore the 
trace greatly broadened, the contraction becomes quite normal, Even 
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when contractility has ceased, the addition of potassium chloride will 
slowly restore contractility, which gradually increases till normal 
contractions return, as the following experiment shows. : 


I first took a trace whilst the ventricle was fed with circulating fluid and 
then replaced the circulating fluid by 100 c.c. saline solution containing 1 c.c. 
of 10 °/, solution of calcium chloride, and in five minutes the trace of the 
contractions became much broader and dilatation much delayed. The trace 
grew broader still with fusion of the beats. It then grew weaker, till at last 
contractions ceased. I then added 1 ¢.c. of 1°/, solution of sodium bicarbonate, 
which induced slight contracture and very slight contractions followed strong 
induction shocks: then I added 1°5 c.c. of 1°/, solution of potassium chloride, 
The slight contracture soon disappeared and in about four minutes the 
ventricle began to beat spontaneously, the beats at first very feeble gradually 


_ improved, and in ninety minutes from the commencement of the experiments 


the contractions became as good as at the beginning of the experiment. | 


Here then with saline solution, sodium bicarbonate, and calcium 
chloride, the last in toxic quantities, the spontaneous beats stopped and 
strong induction shocks induced only very feeble contractions, but on 
the addition of a small quantity of potassium chloride the contracture 
disappeared, with recovery of perfect and spontaneous beats. 

The small and physiological dose of potassium chloride (1 in 15000) 
in circulating fluid, greatly modifies the effect of toxid doses of calcium 
chloride. The addition of 3 c.c. of 10 °/, solution of calcium chloride to 
100 cc. circulating fluid but slightly prolongs the contraction and so 
but slightly broadens the trace. The calcium chloride however greatly 
diminishes and at last abolishes excitability without weakening con- 
tractility. For instance, before the addition of the lime salt the 
ventricle contracted spontaneously and responded to an induction shock, 
the coil standing at 8: but as the lime effects intensified spon- 
taneous contractions ceased, a stronger and stronger induction shock 
was needed to excite a ventricular contraction, till at last, with the coil 
at 0, no contraction could be induced though the ventricle contracted 
completely to a mechanical stimulus, and at last even this failed. ‘The 


excitability however is only suspended, for on adding a further dose, as 


1 cc. of 1°/, solution of potassium chloride to 100 cc. of circulating 
fluid, excitability returned with normal contractions, the ventricle re- 
sponding to an induction shock with the secondary coil at 1. Further, 
on replacing the dosed circulating fluid with a fresh supply of circula- 
ting fluid, the ventricle responded with the coil at 5. 

Potash salts like lime salts diminish excitability, potash salts ina 
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less degree than lime; yet we have just seen when both are added, in 
sufficient doses to circulating fluid, one salt does not increase the effect 
of the other on excitability, but the inexcitability induced by lime 
chloride is much diminished by the action of potassium chloride.  —_- 

Here then we have an instance in addition to others I have put on 
record, of two drugs which severally excite the same action on a tissue ; 
yet when administered simultaneously they do not produce the sum of 
their united action, but one drug in fact lessens the effect of the other. 

It is hardly necessary to draw attention to this fact, as we frequently 
combine medicines with the intention of augmenting an effect common 
to each. We combine acetate of ammonia with nitrous ether or 
with ipecacuanha to increase perspiration; and on the other hand we 
give quinine, zinc sulphate, or sulphuric acid combined to check perspi- 
ration. 

Now the foregoing experiments tend to show, it by ne means follows, 
that though separately each drug acts directly on the same tissue, that 
in combination they will intensify their common effect, 

It is true that a function may be modified in various ways. For 
instance, either by the direct action of the medicine on the organ, or 
through the central nervous system, or by means of the nerves, and we 
can influence function by modifying the blood supply. It is very probable 
that two drugs having the same property but affecting the organ through 
different channels may each heighten the common effect, yet I can well 
conceive that they may not so act. It may well happen that two 
drugs having a common influence, exercised in one case through its 
direct action on the tissue and in the second case through the nervous 
system, may clash and antagonize each other. 

Time of year or rather temperature influences the action of remedies 
both in degree and kind. I have already shown that veratria acts 
much more powerfully in hot than in temperate or cold weather, that a 
dose almost inoperative in temperate weather produces considerable 
effect in hot weather. In cold or temperate weather, too, veratria in- 
duces only great prolongation of the contraction, but in hot weather it 
causes great irregularity in the cardiac contractions, due to irregularity 
in the rhythm of contraction, or in larger doses from incoordinate action 
of the ventricular muscular tissue. 

Brunton, too, found that onesie influences the action of vera- 
tria on the voluntary muscles’. 


1 Proceedings of the Royal Society. 
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_ Temperature also modifies the action of potassium and especially of 

calcium salts on the ventricle. In hot weather they induce persistent 
(tonic) contraction (contracture) much more readily than in cold weather, 
and a dose that will not induce tonic contraction in cold weather induces 
a considerable amount in hot weather. 
_ Hence the application of the antagonism, between lime and potash 
salts, is much more limited in hot weather, for though the antagonism 
as regards rapid contractility is the same at all temperatures, yet whilst 
we effect this antagonism, we at the same time, in hot weather, induce 
much tonic contraction, which effect lessens the dilatation of the 
ventricle and so diminishes the amount of blood it can receive and 
therefore propel into the arterial system, and this effect on the ventricle 
after a moderate, and in cold weather inoperative, quantity, is sufficient 
to destroy life. 

Probably the condition of the muscular tissue of warm-blooded ani- 
mals is more like the condition which obtains in the muscular tissue of 
cold-blooded animals during the hot months of the year. If this be so, 
then the employment of these antagonisms will be much limited in 
warm-blooded animals, for whilst they act antagonistically in respect of 
one form of contraction, they will induce another form (tonic contraction) 
which might be destructive to life, 
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THE BEHAVIOUR OF THE RED BLOOD-CORPUSCLES 
WHEN SHAKEN WITH INDIFFERENT SUB- 
STANCES. By S. J. MELTZER ann W. H. WELCH, 
New York. 


WHILE the action of chemical reagents upon the red blood-corpuscles 
has been often studied, comparatively little attention has been given to 
the changes produced in the corpuscles by agents which act mechani- 
cally. As regards the effect of forcible compression of the red blood- 
corpuscles, Vintschgau observed that by pressing the cover-glass upon 
a drop of blood, sharp-bordered fragments of the red blood-corpuscles 
are produced. Another possible mode of acting mechanically upon the 
red blood-corpuscles and the one which we have adopted is to shake the 
blood with finely and coarsely granular insoluble substances, Although 
we at first undertook these experiments with reference to their bearing 
upon another theme, it was found that the results of these provisional 
experiments were not so simple or so easily obtained as had been — 
anticipated, so that they seem to merit a separate communication. 

Rollet* has already adopted the procedure of shaking the blood 
with insoluble substances, but from a chemical not from a mechanical 
point of view. He observed that by shaking the blood with certain 
insoluble substances oxyhaemoglobin is reduced to haemoglobin. 
Rollet supposed that after long-continued shaking some blood- 
corpuscles must be destroyed inasmuch as the red colour of the blood 
cannot be restored by shaking with air, 

We at first adopted the simple method of shaking the blood in a. 
test tube with iron-filings for ten to fifteen minutes. Although this 
seemed to cause a diminution in the number of red blood-corpuscles the 
-results were not sufficiently clear and unmistakable, especially when 
undiluted blood was used. It is not necessary to mention here all of 
the other methods which were attempted, for all difficulties were over- 
come as soon as it became possible to shake the blood as long as it was 
wished. Through the kindness of Mr Carl H. Schultz there was placed 


1 Rollet, Sitzgsber. d. Wiener Akad, Math.-naturwis. Cl. tu. abth. 2. 
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at our disposal in his manufactory of mineral waters a machine for 
shaking bottles. This machine, which could be kept in motion the 
whole day, possessed an apparatus on which several bottles could be 
fastened parallel to each other and shaken to and fro longitudinally. 
There were 180 excursions a minute, the length of each excursion was 
39 ctm., the velocity was therefore 1°17 M. per second. We were thus 
enabled to shake the blood not only hours but days and weeks at a 
time. By shaking different bottles at the same time and under the 
same conditions it was possible to study the action of different substances 
as well as the action of the same substance according to the coarseness 
of its particles.. 

When it was not our object to observe the effect of varying the sitio 
between the quantity of the.substance and that of the blood, we took 
15 Cem. each of the substance and of the blood, either undiluted or 
diluted with physiological salt solution (0°6 per cent). Bottles holding - 
100 Cem. were always employed, so that there was a column of air over 
the fluid to be shaken (in contrast with Rollet’s experiments with exclusion 
of air). The fresh defibrinated blood of the ox was used. This is 
especially mentioned because according to Rollet the blood of different 


species of animals is reduced with varying degrees of rapidity. 


In general it may be said that after shaking the blood for a 


~ considerable time with granular insoluble substances a period is reached 


when the blood attains the maximum degree of darkness in colour and all 


___ the red blood-corpuscles have disappeared. 


Furthermore, the blood-corpuscles disappear the sooner; (a) the 
greater the specific gravity of the substance used, (b) the finer the 
particles of the substance, (c) the larger the quantity of the substance in 
proportion to that of the blood, and (d) the smaller the number of 
blood-corpuscles contained in the fluid, that is more rapidly in diluted 
blood than in undiluted blood. 

The blood was shaken with fragments of pumice-stone, sand, iron, 
lead, copper, brass and quicksilver. Iron and brass were employed in 
varying degrees of fineness of the particles’. We also used with success 

1 Rollet in Hermann’s Handb. d, Phys. Bd. tv. 1, p. 55 says ‘“‘ Oxyhaemoglobin yields - 
its loosely combined oxygen to reducing substances......... iron filings (BRollet), still better 
Ferrum hydrarg. reduct. (Ludwig and A. Schmidt) and is changed to reduced haemo- 
globin.” The original article of Ludwig and Schmidt was not accessible to us. It is 


possible that the greater efficacy of ferrum reductum is due to the greater fineness of its 
particles. We found also in our experiments that reduced iron is more effective than iron 


filings, This was not, Senne finest powder obtained by straining the 


substance was used. 
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lead-shot about 2 mm. in diameter. The longest time necessary for the 
disappearance of the red blood-corpuscles—nearly three days—was 
required by lead-shot on account of the coarseness of the particles, and — 
by pumice stone on account of the low specific gravity. The shortest 
time—7 to 8 hours—was required by quicksilver on account of its 
weight and the fineness of the particles into which it can be divided. 
Rollet* asserts that the reduction of oxyhaemoglobin takes place with 
silver much more slowly than with iron, and that quicksilver and 
platinum are without reducing power. For our purpose, however, we 
have found quicksilver the most effective of all agents, so that in our 
further experiments we have used it exclusively. 

In order to study the transitional stages before the complete i. 
pearance of the red blood-corpuscles we have shaken for different 
periods of time—one hour, two hours, three hours etc.—several bottles 
each containing 15 Cem. of blood and 15 Ccm. of mercury. With the 
naked eye one can clearly follow the gradual change in colour. At the 
end of an hour the blood appears much darker in colour than the 
unshaken specimen. From hour to hour the shaken blood becomes 
darker and darker in colour, until at the end of about 7 hours.it becomes 
absolutely black, and from that time on no further change can be 
observed. Microscopically no distinct change can be seen until the 
third hour. From that time on the red blood-corpuscles disappear more 
and more, those which remain seem to become somewhat paler while 
the intervening fluid becomes less clear and transparent. The diminu- 
tion in number of the red blood-corpuscles continues for several hours, 
not, however with uniformity. The largest number of corpuscles 
disappear somewhat suddenly between the Sth and 6th hour. Up to 
this time the diminution is relatively small. The few corpuscles which 
remain after the main loss often resist destruction for a long time. 

There can be no doubt that the cause of the disappearance of the 
red blood-corpuscles is a mechanical one. The reduction of haemoglobin 
which follows shaking the blood for a short time was interpreted by 
Rollet as a mechanical effect, although this view rested on a less firm 
basis than in our experiments, for he failed to obtain this reduction by 
the heaviest. metals. In our experiments we have found that the result 
depended not upon the chemical constitution of the substances employed 
but upon their quantity, their specific gravity, and hagse fineness of their 
particles, all purely mechanical conditions. 

In what way, however, the blood-corpuscles dinappenr and ~ what 


1 Rollet, loc. cit. 
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becomes of them we could not positively determine. It was to me 
expected that the blood-corpuscles by being shaken with finely divided 
indifferent substances either would be broken into fragments, as by 
pressure upon the cover-glass, or would lose their haemoglobin and be 
converted into stromata or shadows. We have diligently sought both for 
fragments and for shadows of the blood-corpuscles, but we have not 
been able to discover either, although in the course of our experiments, 


reagents were found capable of demonstrating the most invisible 


shadows. The destruction of the red blood-corpuscles under these 
circumstances appears therefore to be molecular and tolerably sudden. 
A certain commotion of the haemoglobin in the blood-corpuscles appears 
to precede their complete destruction. It has already been mentioned 
that before their disappearance the red blood-corpuscles lose some of 
their colouring matter. To this fact is to be added the following note- 
worthy observation. If the blood be shaken with any of the substances 
mentioned for a period so short that no visible change in the blood has 
occurred, and then the blood be allowed to stand at rest, it will be found 
that at the end of 15 to 18 hours nearly all the red blood-corpuscles 
have completely lost their colouring matter, while the corpuscles in the 
control-specimen are still wholly intact. A shaking therefore of only 
short duration suffices to render less firm the combination between 
stroma and haemoglobin. It is perhaps only this loosening of the 
combination between haemoglobin and stroma and not the expulsion of 
the haemoglobin which is accomplished by the shaking. The complete 
separation of the haemoglobin from the corpuscle and its solution in the 


surrounding fluid occurs afterward. Continued shaking hastens but 
little, it may be, the separation of the haemoglobin from the blood- — 
corpuscles; it causes apparently a molecular destruction of the blood 


corpuscles before the haemoglobin has left them. | 

It may also be noted that all blood-corpuscles do not possess equal 
power of resistance (cohesion?). Mention has already been made of 
Rollet’s observation that the reduction of haemoglobin takes place 
with varying rapidity in the blood of different species of animals. In 
our experiments it was found that the greater number of red blood- 
corpuscles disappeared at about the same time, while a small fraction 


_ disappeared either earlier or later. May not this be interpreted as in 
favour of a greater or less cohesive power in certain corpuscles in contrast 


with the average cohesive power of the majority of corpuscles? A 
similar supposition is made with reference to those corpuscles which 
resist for a long time the action of water. 


' 
i 
a. 
Ne 
wee 
pare ty’ 
A: 
& 
a3, 
ong 
: 
* 
= 
A 
ie 
4 
* 
° 
+ 
+} 


EFFECTS OF SHAKING BLOOD. | 259 


We have also studied the effect produced by shaking with quick- 
silver blood to which various reagents have been added. The addition 
of concentrated solutions of common salt, sulphate of magnesium: 
sulphate of sodium, sulphate of zinc, acetate of lead and sugar has no 
appreciable influence upon the result as above described. On the other 
hand after the addition to the blood of solutions of pyrogallic acid, tannin, 
alcohol, chlorate of potash, nitrate of silver, and sulphate of copper, the 
red blood-corpuscles are unaffected by shaking, no matter how long this 
be continued. It is not necessary to describe here the action upon the 
red blood-corpuscles of the various reagents in the latter group. This 
has already been described by various investigators. We used strong 
alcohol, pyrogallic acid in 20°/, solution, tannin and sulphate of copper 
in 10°/,, chlorate of potash in 6°25°/, (1:16 the maximum of its 
solubility at the ordinary temperature) and nitrate of silver in 3°/, solu- 
tion. Two parts of the solution were added to one part of blood. As 
regards the formation of shadows, the blood-corpuscles are affected but — 
little by the first three reagents and not at all by the last three. No 
matter how long the shaking be continued, the blood-corpuscles remain 
unaffected by it. The experiments were frequently repeated, always 
with a control-specimen, and always with the same result. With some 
of these reagents (chlorate of potash, pyrogallic acid and nitrate of 
silver) we have shaken the blood over two weeks. The blood-corpus- 
cles appeared as intact at the end as at the beginning of the experiment. 
It is hardly necessary to add that under these circumstances solution of 
the haemoglobin does not occur upon allowing the blood to stand after 
it has been shaken. | | 

As no change was produced by shaking the blood for two weeks it — 
did not seem necessary to continue the procedure any longer. The 
effect of these reagents does not seem to be merely an increase in the © 
cohesion of the red blood-corpuscles, In fact sugar and sulphate of 
sodium are credited with the power of hardening the red blood-corpus- 
cles’, and in our experiments these substances were without influence. 
The reagents of the active group must produce some change in the 
constitution of the red blood-corpuscles which renders them wholly 
insusceptible to such mechanical influences as we employed. The 
different substances of this group have as approximatively common 
properties, (a) the power of coagulating albumen, and (6) the power of 
changing haemoglobin into meta-haemoglobin. We content ourselves 


1 Joh. Miller, Hand, d. Physiol. Figuera, Ann, d. Chim. u. Phys. x1, 
PH. V. 18 
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merely with reference to these points, as the subject is not sufficiently 
matured to warrant fuller consideration. 

In the endeavour to discover shadows of the red blood-corpuscles 
in the shaken blood we found the reagents customarily recommended 
little adapted for this purpose. These reagents themselves transform 
blood-corpuscles into shadows, and moreover they are of little service 
when the shadows are very pale and the fluid turbid. While the idea 
previously seems to have been to demonstrate the shadows by means of 
colouring agents (eosin, vesuvin, etc.), we have found that other reagents 
are more suitable. It would seem that all reagents which cause a 
coagulation of albumen are adapted to render visible the palest 
stromata. We have used successfully for this purpose picric acid 
(saturated solution), pyrogallic acid (20°/,), bichromate of potash (2°/,) 
tannin (10°/,), sulphate of copper (10°/,), nitrate of silver (3°/,), chlorate 
of potash (1 : 16) and diluted mimeral acids. The stromata appear after 
the addition of these reagents im a few seconds as pale rings, except in 
the case of chlorate of potash, which makes them appear as bluish-white 
round discs. The clearest outlines are produced by picric acid, 
pyrogallic acid, chlorate of potash and nitrate of silver. The first two 
reagents are, however, not adapted for the study of normal blood, as 
they, like most of the other reagents, cause more or less separation of 
haemoglobin. On the other hand, nitrate of silver and chlorate of | 
potash are admirable reagents for the purpose in view. If two parts of 
the reagent (of the before mentioned concentration) be mixed with one 
part of blood, then the shadows come plainly to view while the intact — 
corpuscles remain unchanged. . 
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ON THE CARDIAC RHYTHM OF INVERTEBRATA. By 
W. B. RANSOM, B.A. B.Sc. Trinity College, Cambridge. Plates 
VIL—X. 


_ THE progress of enquiry into the functions of the different tissues of 


_ the animal body has been marked by a general tendency to exalt the 
- importance of Nerve and correspondingly to depreciate the powers of 


Muscle, 

Thus, while contractility has always been patent as a property of 
muscle, it has remained for modern times to establish the doctrine, the 
foundations of which were laid by Haller, that muscle is irritable to 
stimuli other than those of nerve, And, at the present time, of the 
three main characteristics of living protoplasm—Contractility, Irrita- 
bility, and Automatism, while the second is granted as common to both, 
Automatism is generally held to be confined to nerve as is spielen d 
to muscle. 

Apart from the cases of the voluntary muscles and the central 


" nervous system, where automatism is as clearly absent in the one as it 


is present in the other, it has been sought to show that those of the 
viscera which contract independently and alone derive the springs of 


their action, not from the muscular tissue, but from the ganglion-cells 


which lie buried within it. 

Among such organs the heart is of preeminent importance, and it is 
in this case that the nervous mechanism of automatism has been held 
to be clearest. Indeed, in the case of the smooth muscle organs the 
doctrine has been much modified since the researches of Engelmann 
on the ureter and of Luchsinger on the veins of the Bat’s wing proved 
the possibility of automatic rhythmical action where ganglion-cel!s are 
totally absent. 

But the vertebrate heart, with its striated muscle and numerous 
ganglion-cells, is still thought by most physiologists to owe its normal 
automatic rhythm to the activity of the latter; and although there is a 
growing tendency to doubt the correctness of this view and to assign a 
more prominent place to the muscular tissue, yet it still finds a large 
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number of supporters and is still the accepted doctrine of the text-books. 
This doctrine is almost entirely based on experiments made on the 
heart of one animal only, the Frog, and observations made on other 
animals have been almost invariably interpreted in the light of theories 
based on the study of the Amphibian heart. 
The researches of Gaskell, however, on the heart of the Tortoise | 
‘have already done much to shake this somewhat insecurely based 
theory, and it is to be hoped that extended investigations into other 
animals of various grades in the animal kingdom will afford further 
tests of its validity. — 7 
And especially is it probable that the examination from the evo- 
lutionary standpoint of first the lower and simpler and then the higher 
more complex forms of heart will throw light on this vexed question. 
It is therefore with this expectation that the following study of the 
hearts of Invertebrata has been undertaken. 2 
In the literature of the Invertebrate heart there occur extremely 
rarely investigations made from the critical standpoint. Indeed the 
papers of Foster’, and Foster and Dew-Smith’ and the quite recent 
paper of Biedermann’, all on the Snail’s heart, are the only such with 
which I am acquainted. The observations of Krukenberg‘ on 
| Salpae, of Dogiel’, Yung® and Frederic’ on Molluscs, of Yung’, 
Berger’, Plateau”, Eckhardt”, and Brandt” on Crustacea are for 
the most part brought into harmony with existing theories without 
thorough examination as to their capability of such agreement, and 
seldom treat the subject with the detail it deserves, It became there- 
fore desirable not merely to go over the ground covered by preceding 
observers, but to make a more thorough examination of some one form 
in some degree comparable with that already made of the Frog. 
For many reasons the Cephalopoda are extremely interesting in 
this respect, and it is to that group that attention will be mainly 
1M. Foster, Pfliiger’s Archiv. Vol. v. p. 191. | 
2 Foster and Dew-Smith. Proc. Roy. Soc. No, 160. p. 318. 1875. 
3 W. Biedermann. Sitzh. der. k, Akad, zu Wien. Bd. 89, Abth. 111. 1884. 
* Krukenberg. Phys. Studien. Abth. m1. p. 151. 
5 J.Dogiel. Archiv. f. Mik. Anat. Bd. 14. 1877. 
6 E. Yung. Arch, de Zool. Exp. Tomerx. 1881. 
7 Léon Fredericq. Arch. de Zool. Exp. Tome vn. 1878. 
E. Yung. Arch. de Zool. Exp, Tomevu. 1878. 
E. Berger. Sitz.d.k. Akad. zu Wien. Bd,74. Abth.1, 1876. 
10 F, Plateau. Bull, de l’Acad, roy. de Belgique. 2™° série. T, 46, 1878. 


C, Eckhardt. Reitrdge. Bd.1v. Heft.1. 1867. 
2 A. Brandt. Bull. del Acad. des Sci. de St Petersbourg. T. vi. 1865. 
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directed in this paper: but in considering the general. testimony borne 
by the Invertebrate heart, the results of the above writers will be 
discussed and compared with some fresh observations on other animals. 

The highest of the Invertebrata, the Cephalopoda, possess an 
exceedingly differentiated structure and organs often very comparable 
to those of Vertebrata, although developed along a different line. The 
vascular system especially presents remarkable analogies with that of a 
vertebrate animal :—the definite arteries, capillaries, veins, the coarse 
and minute structure of the heart, its connection with the central. 
nervous system and with the organs of respiration, are all closely 
comparable to the corresponding structures in the higher form. This 
being the case, an understanding of this complex system should possess 
considerable interest, and when itself further explained by comparison 
with lower Molluscan types should afford some additional insight into 
the vertebrate cardiac mechanism. 

The marine material necessary for the work was obtained at Roscoff, 
where by the hospitality of Prof. H. de Lacaze-Duthiers I was 
admitted into his laboratory and supplied with abundance of animals 
during July and August 1883, and at the Cambridge table of the 
Zoological Station of Dr Dohrn at Naples during the winter months 
of 1884. To both Prof. de Lacaze-Duthiers and Prof. Dohrn my 
best thanks are due for their kind help in facilitating the work. 


CEPHALOPODA. 
Structure and innervation of the cardiac apparatus. 


The general arrangement of the cardiac system in Cephalopoda is 
well known, being given in considerable detail by Milne Edwards in 
his “ Lecons sur la Physiologie et l’Anatomie comparée. Tome 3™.” The 
nervous supply of the heart has also been studied by Paul Bert in his 
“Memoire sur la Physiologie de la Seiche,” and by Fredericq in his 
paper on “La Physiologie du Poulpe commun” (loc. cit.); but as the 
accounts of these two authors are without figures and are not in great 
detail it will be advisable to describe briefly the cardiac apparatus with 
its nervous connections, and also to give an account of its minute 
structure. The species chosen as most convenient for study was the 
common Poulp, Octopus vulgaris, and to it the following pages will be 
almost exclusively confined. 

The cardiac apparatus-of Octopus (Fig. 1, Plate VII.) consists of a 
pre-branchial or venous, and a post-branchial or arterial section. 
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The former collects the blood from the veins and drives it through 


the gills; the latter receives the aérated blood from the gills and prope!s 
it through the body. The former section may be divided into the 
following parts :— | 

Vena Cava. 


Kidney Veins. 
~  Branchial Hearts. 
The latter consists of :— 
Auricles. 
Ventricles. 
The Vena Cava (Fig. 1. vc.) is a straight thin-walled tube, which 


a 
es 


runs down the ventral side of the liver, parallel to the intestine, towards | 


the heart. 
At the level of the front end of the ventricle it divides into two 


branches, which being covered with glands considered to have a renal 
function, may be conveniently distinguished as the Kidney Veins (kv.) — 


Each Kidney Vein, curving out towards a gill, is continued into a 
bulged oval body known as the Branchial Heart (BH.), their cavities 
being separated by a pair of valves at the junction. The Branchial 
Hearts have been usually held to be muscular organs devoted to 
propelling the blood through the gills; but that this view is not entirely 
correct will be shewn by the description of their minute structure given 
‘below. From each Branchial Heart a thick-walled “branchial. artery ” 
leads to the gill (G). The efferent vessels of each gill form a number of 
veins which soon unite to form a tubular auricle (LA. RA.), thin-walled 
but stouter than the Vena Cava. The two auricles open into the 
medianly situated, fleshy, somewhat globular ventricle (v), from the 
cavity of which the blood is prevented from returning by a pair of 7 
at each auriculo-ventricular orifice. 

Three efferent vessels issue from the ventricle, the most important 


being the great cephalic aorta (cA.), which starting from the posterior — 


dorsal right region of the ventricle curls round to run to the head. 
‘Medianly and posteriorly is given off a small genital artery (Ga.); and 
from the anterior ventral edge a small bulb gives rise laterally to a fine 
artery to each auricle and to a somewhat larger visceral artery (V a.) 
medianly to the intestine. 

All these vessels are provided with valves at their origins, and the 
blood-stream is further directed by the presence of an incomplete 
septum stretching across the cavity of the ventricle so as to turn the 
flow from the right auricle towards the aorta. 
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Minute structure. 


The character of the muscular fibres of the aittorent parts described 
varies in a somewhat remarkable way. 

The vena cava and kidney veins consist largely of connective tissue, 
in which the muscle fibres are scattered. Relatively to the other 

“ portions of the cardiac system the proportion of muscle to connective 
tissue is here least. The muscle fibres are unstriated, long and slender. 

At the junction of the kidney veins with the branchial hearts they 
undergo however a considerable change. The loose connective tissue 
mostly disappears, and the muscle fibres become shorter, thicker, and 
distinctly transversely striated. 

The branchial heart possesses thick fleshy walls enclosing a relatively 
small irregular lumen. The bulk of the wall is not however formed of | 
muscle but of a dense mass of gland cells containing concretions giving 
the chemical reactions of guanin, and the muscle forms only a thin 
capsule enclosing this large glandular mass and occasionally sending 
into it a few trabeculae, 

The branchial heart may thus be described as a gland with a central 
lumen of irregular shape and a capsule of striated muscle. 

The vessel—the so-called ‘“ branchial artery ”—leading thence to the 
gill is again of connective tissue with a few unstriated muscular fibres. 

The auricles are somewhat similar in structure to the vena cava, but 
contain a larger proportion of muscular fibres, which are rather stouter | 
than those of the vein but also unstriated. 

The nature of the junction-ring between the auricle and ventricle 
being of considerable interest, it was studied by means of sections. The 
fibres of the auricle, whose general direction is towards the ventricle, do 
not appear to be continued into such a complete muscular ring as occurs 
in amphibia and reptilia, but become reduced in number in the 
immediate neighbourhood of the ventricle, and apparently mostly stop 
short before reaching it. Some few seem to be continued into the 
ventricular mass, but the ring of tissue between auricle and ventricle 

consists mainly of connective tissue more loosely built than either 
auricle or ventricle. Those auricular fibres which do pass on to the 
ventricle seem to run to the bases of the valves, at which points it is 
difficult to decide as to the.nature of the tissue. There is no change to 
be observed in the histological characters of the auricular muscle when 
the sisiotia line is reached, as has been described in the Frog, but the 
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entirely ditferent fibres of the ventricle stand out suddenly in sharp 


- contrast to those of the auricle and still more to the connective tissue 


at the junction. The abundance of slightly staining loose connective 
tissue here gives place to a dense mass of well-defined muscular fibres. 
At first forming a ring round the orifice they gradually extend inwards 
and interlace to form the compact network which constitutes the thick 
muscular wall of the ventricle. Here the connective tissue is least in 
amount. The fibres of the ventricle are of an elongated fusiform shape, 
with long tails, but are shorter and thicker than those of the auricle. 
Like the others they have no sarcolemma. Thus far they resemble 
the ordinary smooth muscle cells of vertebrata, but in addition they 
possess a fine but regular transverse striation very like that of the 
branchial heart, the fibres of which they closely resemble. Careful 
focussing also shows in the fibre indications of a granular core of a 
different nature to the outer zone. Both of these features are best seen 
in osmic acid or alcohol preparations (Fig. 2a)’. A number of measure- — 
ments gave an average of 16m. as the distance between the centres of 
two black bands. Curiously enough, although osmic acid preparations 
showed a certain amount of granularity, the highest power available— 
(1800 diam.) did not in the case of fibres well preserved with alcohol 
resolve the bands into granules or striae; but often after alcohol the 


_ fibres showed a tendency to split up at the ends longitudinally into 


brush-like groups of fibrils which also showed the bands. The 
striation in octopod cephalopoda is less developed than in the decapodous 
forms. Thus, while the ventricular fibres of Eledone resemble those of 
Octopus, those of Sepia present a bolder striation, and in Sepiola the 
difference is still greater. In this animal the fibres are much larger, 
and the average distance between the striations is 3°3m.; the dark 
bands are very sharp, but narrow ; and the margin of the fibre is bulged 
out opposite each broad clear disc (Fig. 2. b). The. central core is 
much more distinct than in Octopus, occupying about one third of the 
diameter of the fibre, and staining very deeply with gold chloride, while 
the outer zone remains clear. It also shows a beaded outline corre- 
sponding with the striations’. 

1 This axial column of apparently less differentiated substance has been noticed by 
most observers of molluscan muscles. Thus Ranvier (Traité technique d’Histologie, 
p. 851), figures a gold chloride preparation of the retractor muscle of Helix pomatia 
showing distinctly the ‘cordon protoplasmique”; Leydig*and Kélliker saw it in the 
buccal muscles of Gasteropoda, and H. Miiller and F, Boll in the branchial hearts 
of Cephalopoda. (See F. Boll, Arch. f. mikr. Anat. Bd. y. Suppl. Hft. p. 28). 

2 Transverse striation has also been noticed—chiefly in hearts or the buccal mass—by 
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Nervous Supply. | 


The whole cardiac system is supplied by a pair of nerves from the 
pleural ganglia in the head. These,—commonly called the Visceral 
nerves, but which on account of their functional analogies with the 
Vertebrate Vagus might perhaps be called Vagi—after leaving the 
brain run along the ventral side of the liver on either side of the vena 
cava. Their relations to the neighbouring organs and directions for 
finding them have been accurately given by Fredericq':— 

The left visceral nerve is found in both sexes between the left genital © 
duct and the vena cava. 

The right visceral nerve, in the female, lies between the intestine 
and the right oviduct; in the male, on the right of the intestine. 

Their branches and ganglia need however a more detailed description 
_ (Fig. 1). On issuing from the skull, each nerve appears as a double 
cord from which various small branches are given off. The cords on 
either side end in a small ganglion lying under the liver, from which go 
nerves to the body wall and the columnar muscle inserted into the 
mantle, while a single main trunk is continued downwards towards the 
heart. Just in front of the auricle it dilates into a ganglion, which may 
be called the 1st Cardiac Ganglion (C). From this issue a fine nerve 
to the generative duct, a nerve which enters the auricle, gives off a branch 
there and then passes through to the ventricle, and lastly a stout nerve 
which runs dorsally to the auricle down to the branchial heart, where it — 
is connected with a ganglion—the 2nd Cardiac Ganglion (Cr). From 
this ganglion go nerves to the substance of the branchial heart and a 
short way into the kidney vein, but the main trunk proceeds to the gill, 
at the base of which it expands into the Branchial Ganglion (B). No 
other ganglia are revealed by dissection on the visceral nerves or 
their branches. 

The trunk of each visceral nerve lying on the thin ventral body wall 
is thus easily exposed and isolated for stimulation in a Poulp whose 
mantle cavity has been opened. 

From the pleural ganglia there also runs on either side a itont 
many observers, a list of whom is given by Boll (loc. cit.) and by F. Darwin (Journ, of 
Anat, a, Phys, Vol. x. Part mr. April 1876, p. 506). Dogiel (Arch. f. mikr. Anat. Bd. 14) 
has also seen it in various hearts, (Pecten, Anodon, Aplysia, Helix) and Haller 
(Gegenbaur’s Jahrbuch, 1883) in the hearts of Fissurella and Haliotis. Margo (Wien, 
Sitzungsb, Bd. 39) has described the black bands in the striated shell may of Anodon 


as doubly refracting. 
1 Loe. cit. 
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nerve ending in the stellate ganglion (Ss) and containing the motor fibres 
for the mantle; so that the gills and heart are connected by nervous 
structures with the motor organs of respiration. The heart is thus 
innervated, as in vertebrata, from the central nervous system, and is also’ 


supplied with peripheral ganglia, not however within its cavities but in 


close contiguity on the outside. Fredericq’ for physiological reasons 
was led to assume the existence of another set of nerve fibres with a 
special accelerating function, but he brings no anatomical evidence to 
support his view, and my observations have failed to confirm it. 

It remains to enquire into the existence of ganglion-cells apart from 
the chief ganglia and scattered in the substance of the various parts of 


cardiac system. In connection with this enquiry some histological 


investigations for such structures will be mentioned later, together with 
experiments, but the general results may be given at once. _ 

Nowhere have I been able to find ganglion cells in the substance of the 
rhythmically contractile organs. . 

The organs were examined seriatim as follows :— 

(1) Whole auricles of small specimens of Octopus were “mounted 
after staining with gold chloride (formic acid method), picrocarmine, or 
borax carmine. 

Teased preparations were made :— 

(a) After dissociation with 30 per cent. wicca and staining with 
borax carmine or methyl violet. 

(b) After osmic acid and picrocarmine. 

(c) After gold chloride. 

These methods revealed abundance of nerve fibres, but no ganglion- 
cells, 

(2) Ventricle. Series of sections stained with borax carmine. 

Teased preparations as in (1) (b) and (ce). 

Some ventricles of small specimens of Sepiola not more than an 
inch in length were also examined as being easier to search thoroughly 
than those of the larger Octopus. With them gold chloride, or osmic 
acid and picrocarmine were used. 

In none of these cases were ganglion-cells hand, 

The magnifying powers chiefly used were of 150 and 300 diameter, 
and in all doubtful cases 500 diameters. 

(3) Branchial Heart. Neither teased preparations nor series of 
sections revealed ganglion-cells. 


1 Loe, cit. 
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(4) Vena Cava. Examination of various parts of the vena cava and 
kidney veins gave the same result. | 

In confirmation of a part of these results I may mention that I am 
informed by M. Vignal, whose studies on the nervous system of Inver- 
tebrata* are well known, that he after careful histological examination 
of the ventricle of Octopus has been unable to detect in it ganglion- 

cells. 

Although a scale is proverbially hard to prove, yet I think that 
the numerous examinations made by various methods of the different 
organs of the cardiac system, supported as they are by the observations 
of M. Vignal, render it very highly probable that ganglion-cells are 
absent from the substance of these organs; and some further facts to be 
mentioned below in connection —_ experiments lead to the same 
conclusion. 


The only previous papers with which I am acquainted dealing with 
the physiology of the heart of Cephalopoda are those of Paul Bert? on 
Sepia, Léon Fredericq’® on Octopus, and the observations of Dew- 
Smith on Sepia embodied in the paper on the Snail by Foster and 
Dew-Smith*. The results of these authors will be noticed in relation 
to the points they severally investigated. 

The subject-matter of the following pages may be thus roughly y 
arranged :— 

(1) The conditions of teste, 

(2) The influence of the nervous system on the cardiac apparatus. 

(3) Inhibition and the influence of electricity and some poisons on 
the muscular and nervous tissues of the heart. 


Conditions of Rhythm. 


The natural rhythm of the Octopus’ heart may be studied in the 
living animal when fastened on its back in a dissecting dish and covered 
with sea-water. The septum dividing the two respiratory chambers is 
cut through with scissors, and then by a longitudinal median incision 
the mantle-cavity is laid open. The vena cava, kidney veins, branchial 
hearts and auricles, are thus exposed to view; the ventricle being still 
hidden by the kidneys. The renal sacs may however be opened without 


1 Arch. de Zool. Exp. 2™ Série, Tome 1°, 1883 Nos. 2 and 3, 
2 Loe. cit. 3 Loe. cit. 4 Loc, cit. 
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injury, and by slightly pulling the kidneys aside a portion of the 
ventricle is rendered visible. The divided halves of the mantle continue 
synchronously their respiratory movements; so that the animal is now 
in a condition in which respiration and the normal contractions of each 
part of the cardiac system may be observed. : 

Either visceral nerve may now be laid bare and isolated by a piece 
of india-rubber sheeting, and oe or cut for stimulation of either 
end separately. The left viscera! was generally used as being rather 
more accessible, but no difference in action between the two nerves was 
observed. It was found advisable at the time of stimulation to have so 
little water in the dish that the portion of the nerve to be excited could 
be raised out of it into the air. | 

In an Octopus thus prepared, the normal heart beats and respiratory 
movements of the divided halves of the mantle continue for some time, 
but become gradually feebler from the time of preparation to the time 
when they cease entirely, which however may not be till after a couple 
of hours or more. 

The phenomena of the normal rhythm, correctly described by Fre- 
dericq, form the following series:— 

_A contraction wave, appearing in the vena cava, runs down that 
vessel and is expressed at the kidney veins bya shrinking of the glands 
which covers them; the branchial hearts contract immediately after, 
but at the gills a pause ensues. The efferent branchial vessels which 
unite to form the auricles next present peristaltic contractions which 
form one wave travelling down each auricle. 

The auricle being emptied of blood, the ventricle contracts sharply 
and suddenly. The rate at which these pulsations occurred varied in 
my observations in different animals, according to their state of vigour 
or exhaustion, from about 36 to 20 per minute. About 35 per minute 
is probably near the normal average. The alternate approximations and 
divergings of the mantle halves, which constitute the respiratory rhythm, 
meanwhile go on at a regular rate which not unfrequently coincides 
with that of the cardiac pulsations. The comparison of the two rhythms 
can be better made in an animal in which a hole has been made in the 
body-wall at the hind end of the body just above the heart. The © 
pulsations of the latter are thus rendered visible and can be compared 
with the movements of the mantle and funnel while the animal sits 
free in a vessel of water. In an Octopus thus prepared the following 
rates were observed in consecutive half-minutes :— 
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Ventricle 14 beats. 
Respiration 14 __,, 
Ventricle 14 , 
Respiration 14 

An interval of some minutes now ensued, and on renewing observa- 
tions the rates found were :— 

Ventricle 17 beats 
Respiration 16 

After this the ventricle became still more rapid in its movements 
and outstripped the respirations. Thus the synchronism of the two 
rhythms does not invariably occur, but it appears to be a general rule 
that nearly every fresh quantity of blood pumped into the gills has a 
fresh supply of sea-water to aérate it. 

The dependence of the cardiac rhythm on the connection of the 
heart with the nervous system or on the integrity of the circulatory 
apparatus is but very slightly noticed by Fredericq. Indeed he 
confines himself to observing that separation from the pleural ganglia 
does not arrest the pulsations, that a piece of kidney vein excised or 
isolated by a ligature may still continue its rhythmical contractions, 
and that a Poulp left out of water until motionless may still show 
pulsations of the heart. These observations are perfectly correct. _ 

It still remains to enquire into the dependence of the xhythm on 
blood-pressure, on the connection of the various parts of the heart with 
the peripheral ganglia, and on the connection of these parts with each 
other. 

The effect, of diminution of blood-pressure is easily studied in an 
Octopus which has been simply decapitated, and whose body is prepared 
in the way described above for the whole animal. In such a preparation 
the half collapsed ventricle makes but few beats at long intervals, and 
presents a rhythm evidently much impaired by the absence of a distend- 
ing force in its interior. The kidney veins and branchial hearts on the 
other hand suffer less, and often show a slow but fairly regular rhythm 
many times quicker than that of the ventricle. 

Thus, in a fairly typical instance, the kidney veins and branchial 
hearts maintained a nearly regular rhythm of twelve beats to the 
minute, while the ventricle made only from one to three beats in the same 
time. 

That this change for the worse does not follow from stoppage of 
- respiration due to removal of the pleural ganglia may be shown by 
section of the nerves to the stellate ganglia in the whole animal, gn 
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which case the interference with the normal cardiac rhythm though not 
entirely absent is far less, being marked chiefly by a slowing of all parts 
of the cardiac system. 

Further, the same results as after decapitation follow if the vena cava 
or aorta be cut in the whole animal. | 

It is therefore justifiable to conclude that a certain degree of internal 
pressure is essential for the maintenance of the proper rhythm, and that 
the ventricle is more susceptible to changes in that pressure than the 
venous part of the system. : | 

And the facts to be immediately mentioned in connection with the 
isolated contractile organs all support this view. — 

If a piece of kidney vein be cut off and placed in a watch-glass, with 
or without sea-water or blood, it usually continues to beat regularly and 
at a moderate rate for some time. Since the vein forms an open tube 
and goes on pulsating even when not surrounded with liquid, internal — 
tension must in this case have exceedingly little to do with stimulating 
to beats. 

Such a piece may be also dine of very small size and thérdbore 
convenient for histological examination and search for nervous structures, 
and a still more suitable object on account of its delicacy may be found 
in the kidney vein of Sepicla. Out of a number of such cases the 
following may be mentioned. A piece about the size of a pin’s head 
was cut off from the kidney vein of a Sepiola and placed on a moistened 
slide under the microscope. Regular and fairly rapid beats were 
observed in it so long as it was kept properly moist. It was afterwards 
hardened in alcohol, stained with borax carmine, and after teasing 
examined in glycerine. Not a trace of ganglion cell or nerve could be 
found in it although the whole preparation could be and was carefully 
searched. In all other cases the same result was obtained: in no rhyth- 
mically contracting piece of kidney vein were ganglion cells discovered. 

From this I draw the conclusion that the power of rhythmical 
action is seated in the smooth muscle fibres of the kidney veins. 

When a branchial heart is cut off from the kidney vein at the 
one end and the branchial artery or gill at the other, and is placed in a 
watch-glass in water or air, slow rhythmical pulsations are usually 
observed’. If the ganglion placed on the heart be now cut off the 


1 These contractions are most easily seen when the branchial -heart is not quite 
covered with water, so that a glistening patch which reflects the light catches the eye: 
when the whole organ is covered with water, the slight changes of form are with difficulty 
seen, 
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beats continue; and histological examination has discovered no other 
ganglion cells, so that it again follows that the muscular tissue—in this 
case striated—is the seat of rhythmical action. 

Beats in the isolated auricle are observed with more difficulty, for it 
like the ventricle is more dependent on tension, so that when lying on 
a watch-glass just moistened with sea-water it gives but few and feeble 
pulsations. If however it be suspended over a watch-glass by a couple 
of bull-dog forceps holding its ends and themselves balanced on the 
edge of the glass, the contractions even when very feeble are rendered 
visible by the oscillation of the forceps and usually may be seen to 
form a regular rhythm of some duration; and portions of auricle thus 
prepared behave similarly. Again, if the ventricular end of the auricle 
be tied and a cannula inserted into the other, the suspended auricle 
when distended with sea-water sets up a regular rhythm which may 
last an hour or more before exhaustion is complete. In neither of these 
preparations does the absence of the 1st Cardiac Ganglion affect the 
rhythm, and since ganglion-cells are absent from the substance of the 
auricle it follows that the smooth muscle of this organ also possesses the 
power of independent rhythmical contraction. Lastly, the excised 
ventricle, collapsed as in the decapitated animal, gives but few and 
irregular beats when placed on a watch-glass or in a basin of sea-water. 
If however the auricular and aortic orifices be cut well open so as to 
allow of the free ingress of the surrounding water into its cavity, 
regular pulsations at once commence in response to the equalization in 
pressure produced by the entering fluid; and if a ventricle be suspended 
and supplied with sea-water to its interior by means of a cannula 
passing through the aorta, it quickly developes a vigorous rhythm which 
may last for hours, and may even after a period of rest be renewed on 
the next day. When the ventricle is cut in two in a basin of water, 
each half—as Dew-Smith observed in Sepia— pulsates fairly regularly ; 
but when such small portions of the muscular wall are taken that they 
no longer surround a cavity, the regularity of these pulsations is 
diminished. This like the preceding facts points to the favourable 
influence of internal pressure in rhythm causing; but since the beats of 
these small bits do not altogether cease and ate occasionally fairly 
active, and since no ganglion-cells could be found in any of these bits 
or in the whole ventricle, it may be said that the striated ventricular 
muscle also is capable of rhythmical contraction independently of 
tension or of nervous impulses. It has thus been shewn that the- 
origin of the rhythmical changes leading to the pulsations of the cardiac 
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‘system is not to be sought in the ganglia connected with that system, 
but that each muscular organ, whether smooth or striated, is able apart 
from nerve cells and from the other organs to originate such changes in 
itself, and that even small portions of these organs exhibit in various 
degrees the same rhythmical activity. 

The influence which the organs exercise on one another, whether by 
nervous or other connections, remains for enquiry. The nervous con- 
nections of the organs of the cardiac system and the functions of the 
cardiac ganglia will be considered in the next section, but the extent to 
which adjacent organs modify each other’s actions may at any rate 
partly be considered here. Of such phenomena the sequence of the 
auricular and ventricular contractions is undoubtedly the most important ; 
but the kidney vein and branchial heart form another couple of contrac- 
tile organs connected not merely by nervous strands. 

Although the contraction of the branchial heart normally follows 
immediately after that of its kidney vein, yet the sequence of the two 
is by no means invariable, and many reasons render it doubtful whether 
there is here simply the passage of a peristaltic wave. 

In the first place, when a branchial heart and kidney vein are 
excised together it not unfrequently happens that one pulsates while 
the other remains quiescent, or else that the two rhythms go on at 
different rates. Also separation of the two in no way injures the 
rhythm of either, and, as will be seen later, nervous or electrical 
stimulation affects the two in markedly different ways. Again, the 
morphological differences between the walls of the kidney vein and 
the capsule of the branchial heart do not point to an intimate physio- 
logical relation between them. The abundant connective tissue with — 
the scattered smooth muscle fibres of the former is sharply marked 
off from the compact striated muscle of the latter; and although it 
cannot be said from microscopical investigation that no muscle fibres of 
the vein are continuous with fibres of the branchial heart, yet the 
histological differences are sufficiently striking to explain a certain 
amount of independence of action. It may therefore be inferred from 
the concurrent evidence of morphological and physiological facts that 
the mutual influence of the muscular fibres of the two organs is 
extremely slight, and that the kidney vein and branchial heart are to a 
large extent physiologically isolated. 

The recent evidence brought forward by Gaskell of the truth of the 
Hallerian doctrine of the peristaltic nature of the auriculo-ventricular 
contraction in Vertebrata, together with Niiel’s and Roy’s indication 


‘ 
\ 
ex 
2 OM 
=, 
& 
a 
he 
“2 
aM 
> 
& & 
> 
4 
ag 
> 
? 
4% 
1% 
og 
& 
phe 
i 
Se 
= 
>... 
a3 
4 
4 
t 
ae 


CARDIAC RHYTHM OF INVERTEBRATA. 275 


of the importance of the auricle in regulating the work of the heart 
make the examination of the influence of the auricle on the ventricle in 
the Octopus especially interesting. But the expectations of some such 
relations between auricle and ventricle were not fulfilled as the result 
of examination. No such mutual influence could be observed, and the 
behaviour of the Octopus’ systemic heart diverged widely from that of 
the Frog, giving instead another instance of what was noted by Foster 
and Dew-Smith in the snail as “ Physiological isolation.” 

Thus, both organs beat as well when separated as when united: 
sudden separation by a ligature of the auricle and ventricle suspended 
_ by cannulae together produces no change in the ventricular rhythm as 
in the first Stannius’ ligature in the Frog: two separate rhythms may 
‘be set up in the uninjured heart’: and lastly the junction line of 
auricle and ventricle, like that of the branchial heart and kidney vein 
but unlike that of the auricle and ventricle in the Frog, shows consider- 
able histological differences and a sharp transition in the passage 
from one to the other. The considerable if not complete interruption 
of the muscular continuity, and the marked difference in structure 
between the auricular and ventricular muscle, are facts presenting 
relations to the arrangements in the amphibian heart parallel to the 
differences in physiological behaviour between the hearts of Octopus 
and the Frog. Auricle and ventricle, intimately connected in the latter, 
are to a considerable extent physiologically isolated in the former. In 
the Octopus, whose auricular and ventricular rhythms are so dependent 
on internal tension, pressure takes the place of the conduction of the 
contraction wave, inasmuch as the entrance of a quantity of fluid into 
the ventricle is the best stimulus to a beat, and this will usually cause 
the sequence of a ventricular on an auricular contraction ; whereas in 
the Frog the heart being far less sensitive to pressure the conduction of 
the contraction wave maintains the sequence even in an empty heart. 
The state of things in the molluscan heart may perhaps be further 
explained if attention be paid to the differences presented between 
its evolution and that of the vertebrate. Whereas the auricle and 
ventricle of the vertebrate are but differentiations of an originally 
uniform muscular tube, the relations of the auricles to the ventricle in 
the mollusc are entirely different. In the simplest forms—Lamelli- 


1 The occurrence of two such rhythms was frequently seen in the decapitated animal ; 
and once in an Octopus prepared whole, which evidently was not in good condition, and in 
which there were respiratory troubles, the ventricle beat once only to every 6 or 7 
auricular beats. 
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branchs—the ventricle consists of a straight tube with a hole on each 
side from the edges of which a funnel-shaped auricle arises. Between 


this stage and the mere valvular slits of the Arthropod heart the 


transition is slight, and there is every probability (in the absence of 
exact knowledge) that the auricles arose as mere adjuncts of such 
primitive slits to aid in the guidance of the blood to the ventricle. In 
any case, whatever be the mode of development in the individual,— 
and this presents much variation and secondary modification (cf. 

Balfour, Comp. Emb. Vol. I. p. 231)—in no mollusc is there. found that 

remarkable homogeneity of the embryonic auricle and ventricle which 
leads in the vertebrate to the intimate physiological relations of the adult. 

The auricle and ventricle of the Octopus thus bear to each other the 
same relations as do the kidney vein and branchial heart: they are 
structurally continuous, but physiologically isolated. 

- The four active organs of the cardiac apparatus having been shoes 
found to be isolated from each other, the question next arises as to how 
their actions are regulated and coordinated. The investigation - this 
— leads us to the next section. 


Influence of the Nervous ln 


The heart is connected with both central and peripheral ganglia, 
_ with both the motor organ of respiration and with those for blood 
aération, While the visceral nerves connect it through the pleural 
ganglia of the brain with the motor stellate nerves of the mantle, the 
connection with the gills is formed by those continuations of the 
viscerals which with their ganglia constitute what may be called the 
intrinsic nervous system of the heart. For the proper understanding of 
the mode of action of this intra-cardiac system some knowledge of the 
functions of the visceral nerves and pleural ganglia is necessary, and 
these will therefore be first considered. 

The most striking action of the visceral nerve has been already 
noticed by two observers—Paul Bert and Léon Fredericq. Bert 
observed that electrical stimulation of one of these nerves in Sepia 
caused standstill of the heart; and he also showed that these nerves 
formed with the ganglia of the brain a reflex chain controlling the 
mechanism of respiration. Fredericq obtained similar results with 
_ Octopus, and his results as far as they go agree generally with mine. 
If a visceral nerve be cut, the respiratory movements are impaired 
but not entirely stopped; if both be cut they cease entirely. The 
heart however continues to beat, although with less regularity. Stimu- 
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lation of the central end of the nerve now restores respiration for a 
period slightly outlasting the application of the interrupted current, and 
the same effect may be produced though less easily by exciting other 


_ sensory nerves such as those of the arms. From these facts it is clear 


that the activity of the respiratory centre—shewn by Paul Bert to be 
in the pleural ganglia—is largely dependent on impulses reaching 
it through the visceral pair of nerves. My observations however point 
also to a somewhat greater influence of the other efferent nerves than is 
allowed by Fredericq, for it not unfrequently happened that the 
cessation of respiratory movements caused by section of the viscerals 
was only temporary, being succeeded after an interval by a new series 
of such movements, which however entirely lacked the strength and 
regularity of the original rhythm and was always very short and 
apparently connected with accidental causes exciting the animal. 
There can thus be no doubt that other sensory nerves may excite 
the respiratory centre to action, although-the viscerals are certainly the 
most important. The resemblance between this state of affairs and 
that of a vertebrate is too striking to need insisting upon. The 
influence of the blood on the respiratory centre directly appears 
however to be different, for respiratory movements become feebler as 
the surrounding water becomes impure, The effect of bleeding cannot 
be observed alone, for the loss of internal pressure overthrows the 
cardiac rhythm, and thus alters the impulses ascending the viscerals, so 


that the consequent cessation of respiration may be equally due to loss 


of the normal nervous impulses as to absence of stimulating blood. __ 
But while stimulation of the central end of a visceral nerve after 
section of both thus excites to rhythmical action, ‘excitation with 
the interrupted current of the uncut nerve in an animal breathing 
regularly acts differently on the respiratory centre, tending rather 
to inhibition, The following experiment illustrates this :— 
Octopus, alive in dish, viscerals uncut. | 


} min, before stim.| stim. | 4min. after stim. 


(1) Stimulation of left | | 
__-Visceral. 6R OR 7 strong R 
5 cent. apart 
| R=respiratory movement. 
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When such an Octovus, with its mantle divided: into two parts, 
ceases to breathe through exhaustion or section of the visceral nerves, 
the two flaps of the mantle lie apart each on the bottom of the dissecting 
dish on its own side of the body. This therefore is the position of 
relaxation. It also corresponds. to the position of inspiration. During 
the stimulation however in the above experiment the mantle flaps are 
brought together in the middle line, and are therefore in the actively 
- contracted expiratory position. This stoppage of respiration is therefore 
not a true inhibition, but the conversion of a discontinuous rhythmical 
action into a continuous motor one; and the experiment rather tends to 
emphasize the dependence of the activity of the motor cells of the 
respiratory centre on impulses ascending these nerves. When strong - 
impulses succeed one another very rapidly the action of the cells 
is apparently continuous; when they are separated by considerable 
periods, as we may suppose to be the case in life, the action becomes 
discontinuous and rhythmical’. 

_ The heart is thus connected with the respiratory mechanism by 
_ afferent fibres in the visceral nerves. That these nerves contain efferent 
inhibitory fibres for the heart was noticed by Bert and Fredericq, but 
beyond the bare fact they did not go. The nature of this inhibition and 
the variations in action of the nerve on the various organs of the heart 
remain for more exact study. 

Before proceeding however to this series of phenomena I shall 
discuss the observations of Fredericq which he considered to point to 
the existence of special accelerator nerves in addition to the inhibitory 
set of the viscerals, This view my eens fail to confirm, and I 
think overthrow. 

In the first place Frederieq’ 8 evidence for the existence of such 


1 On this explanation the question ao. we nok similar persistent 
contraction on stimulating the central end of a cut visceral nerve, instead of the 
rhythmical action mentioned? As a matter of fact the respiratory movements thus 
produced increase in rapidity with the strength of the current, but it is very difficult 
to make them fuse. An explanation of this may be found in the supposition that the 
irritability of the nerve-cells has decreased after section of the nerves, and that this 
decrease prevents them from being any longer kept awake by their normal efferent 
impulses, and that therefore the cells are unable to respond to all of the shocks reaching 
them. In support of this view it may be mentioned that stimulation of the nerve within 
certain degrees of strength was found to act beneficially on the centre, so that a stimulus — 
previously ineffective after the exciting of the cells by a stronger one, now became effective. 

When the interrupted current is applied to the uncut nerve, the cells are at their 
maximum irritability and the artificial join with the natural impulses in exciting motor 
actions in them. Hence the persistent contraction, 
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nerves is purely physiological. He asserts that stimulation of the vena 
cava by an interrupted current accelerates the heart’s beat, and he 
therefore infers the presence of accelerator nerves in or on the vena 
cava. He does not however describe such structures, and neither . 
by dissection nor by microscopical examination have I been able to find 
them. And indeed he feels the weakness of this position so much © 
as to suggest in a foot-note that the acceleration observed might be due 
to the direct action of the current upon the vein. 

But even the physiological evidence fails on closer examination, owing 
to the use of a faulty method of observation. Experimenting with an 
entire Octopus opened under water, instead of observing the ventricle, 
he watched the kidney veins whéch usually completely cover that organ 


and hide it from view. He noted as the result of stimulation of the 


vena cava an increased rate of rhythm of the kidney veins, and assuming 
their beats to synchronize with those of the ventricle, inferred the 
acceleration of the latter. But the facts already mentioned as to the 
isolation of the parts of the cardiac system show that such a synchronism 
is by no means necessary, and as a matter of fact it does not occur, as 
can be seen if the glands on the veins be but slightly displaced and the 
ventricle observed. 

The kidney veins indeed show an accelerated rhythm, but in no case 
out of the numerous experiments made to test this point was the 
ventricular rhythm affected. The behaviour of the kidney veins is 
exactly like that shewn by them when stimulated directly, as really in 
this case they are. This behaviour will be discussed later, 

So much is clear, that this is no evidence for the existence of special 
accelerator nerves to the volayer heart resembling those known in 
Vertebrates. 

The action of the visceral as an efferent nerve may be studied in 


the entire animal or in the isolated organs dissected out with the nerve 


attached. The former method though less capable of detailed and 
accurate observation is a necessary preliminary to the latter in order to 
obtain an idea of the action of the nerves on all the parts together. 
The latter will be reserved for the next section, where it will be 


discussed together with the phenomena consequent on direct stimulation 


of the cardiac muscle. 

When in an Octopus, in which the mantle-cavity is laid open and 
the heart and one of the viscerals exposed, the nerve is ligatured and 
cut and the peripheral end raised out of the water and placed upon the 
electrodes of an induction-coil, the throwing in of an interrupted current 
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is immediately followed by a stoppage more or less complete of all 
rhythmic movements of the cardiac system. The condition however of 
the various organs thus reduced to standstill is not uniform, and the 
effect of unilateral stimulation does not extend equally to both sides. 
General contractions of various muscular sheets connecting the viscera 
with the body-wall occur, and the whole of the cardiac organs are 
rather pulled out of place and their states not very easily observed. If 
however some of these intervening sheets be carefully cut away, the 
following appearances are seen, supposing the left visceral to be stimu- 
lated. The ventricle stands still in diastole and appears blue with the 
blood that distends it: the left auricle is also in a condition of diastolic 
rest, but appears usually less distended than the ventricle; and the 
left gill is extremely contracted and completely emptied. The right 
auricle on the other hand remains distended with blood, as is also the 
right gill; and occasionally a pulsation occurs in this auricle and its 
afferent vessels from the gill. The left branchial heart is contracted in 
extreme systole; but the kidney vein on the left as on the right side is 
completely relaxed ; and the right branchial heart also remains in the 


—uncontracted condition. Both kidney veins and the vena cava are 


distended with blood and give a few occasional pulsations. 

Thus the action of the visceral nerve is to cause ordinary inhibition 
of the ventricle and of the auricle of its own side, but to provoke the 
opposite effect of contraction in the branchial heart and gill of that side. 
By this means the blood passage is stopped, and the same side of 


the cardiac system is practically emptied of blood. 


In connection with the partial stoppage of the pulsations of the 
great veins and auricle of the opposite side the question arises as to how 
far this is a truly nervous inhibition. Such an inhibition of the right 
auricle when the left visceral is stimulated can only be conceived to 
occur reflexly by way of fibres from the ventricle to the right 1st cardiac 
ganglion and thence to the auricle ; but of such reflex action there is no 
sign offered by the right gill such as would be expected to appear also 
on this hypothesis. The incompleteness of the stoppage also argues 
against this idea, and in view of the great distension of the ventricle, 


right auricle, and veins, I am inclined to think that inability to over- 


come the internal pressure has more to do with the phenomenon than 
anything else. The fluid cannot escape forward, for the ventricle is 
full and stationary, and valves prevent it flowing back. A small 
quantity of blood only can be pushed by a contraction of the right 
auricle from the ventricle into the arteries, the resistance of which the 
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auricle is not properly fitted to overcome. Hence its contractions will 
be few and uncertain. | 

Nerve fibres do seem to run a short way into the kidney veins, but 
are not discoverable in the trunk of the vena cava, and an inhibitory nerve 
would hardly be localised at the sesh where a contraction wave ends 
instead of at its origin. 

If this view be correct, then all the efferent inhibitory fibres of the 
visceral nerve leave it at. the 1st cardiac ganglion, while only motor 
_ branches are continued on to the branchial hearts and gills. 

Such are the phenomena observed seid the stimulation of a 
visceral nerve, 

The cessation of the passage of the sient current through the 
nerve is almost immediately followed by a restoration of rhythm which 
presents some remarkable peculiarities in its development. The first 
organ to pulsate is the ventricle, which with rapidity and force empties 
itself of blood; an auricular beat follows on this; then one of the 
branchial heart; and then, usually last, the kidney vein contracts. 
Thus instead of the first pulsation beginning at the venous end, the 
normal order is reversed, and the arterial end of the heart contracts first 
while the sequence passes regularly backwards. This is however no 
reversal of a peristaltic wave such as.may be met with in the Skate’s 
heart, for here the different contracting organs are all physiologically 
isolated ; and although the delay in the contraction of the auricle might 
be explained as due to the block in the outflow passage, yet the 
branchial heart which has before it the empty gill can have no such 
cause for the interval. The phenomena rather point to the fact, which 
future experiments will emphasize, that the ventricle is the prepotent 
organ of the heart and largely regulates the movements of the others. 

The next most striking fact observed after a visceral stimulation is 
a considerable increase in the strength and rate of the beats compared 
with those before stimulation, After inhibition the whole rhythm 
shows a marked improvement, lasting for some time after the renewal of 
beats, and recalling forcibly the similar beneficial after-effect following 
excitation of the trunk of the vagus in the Frog or the Tortoise. 

This “ trophic” action is still more plainly seen in cases where the 
cardiac rhythm had ceased before stimulation of the nerve. In such an 
experiment, of which the following is an example, no beats occur 
till the current is shut off, when immediately a regular rhythm is set 
up which lasts till the causes of the previous standstill once more gain 
the mastery and reduce the heart to quiescence, 


‘| 
i= 
4 
\ 
a 
ij 


W. B. RANSOM. 


Exp. Octopus alive in dish; both oe cut ; heart still; right 
stimulated. , 


} min. after stim. 


min. before stim.| min. stim. 


Beats 0. 0 9 


The results thus far obtained show the visceral nerve to have an 
inhibito-trophic action on the ventricle and auricle and to act as a motor 
nerve on the branchial hearts and gill. With these data the function of 
the intra-cardiac nervous system may now be examined, 

The idea that either the Ist or 2nd cardiac ganglia originate the 
rhythmic movements of the parts they supply having been disproved, it 
remains to seek for evidence of some other function, such as that of a 
coordinating mechanism, the existence of which the structure of the 
heart renders a prior probable. 

That such forms at least a part of the function of these ganglia and 
their nerves appears to be evident from the following facts, ; 
When the nerve from the first ganglion to the second on each side 


(Fig. 1, C-Cr) is cut,. the normal rhythm is completely overthrown. 


The beats of the branchial hearts cease, or become few and irregular, 
and as a consequence the gills remain distended with blood which can 
no longer be forced through them. The continuance of the auricular 
and ventricular beats throws all the blood in them into the venous 
system, where it remains distending the vena cava and kidney veins; 
and this distension is further increased by the blood from the gills, 
which by the irregular twitchings of those organs is gradually forced out | 
of them into the auricles and ventricle and thence through the body to 
the veins, The collapse of the auricles and ventricle which necessarily 
follows their emptying interferes with their rhythm, which becomes very 
feeble and irregular; and thus nearly the whole blood becomes collected 
in the great veins, the pulsations of which continue but are too feeble 
to force any quantity through the gills to the ventricle. : 
Combining these facts with the proved motor nature of the nerve to 
the branchial heart, it becomes evident that the normal activity of this 
organ is dependent on impulses reaching it through that nerve. Its 
rhythmical action was before shown to be capable of continuing when 
both nerve and ganglion were removed; but the results of section in 
the whole animal show that motor ‘aiiailnin descending in some part of 
the visceral nerves largely regulate that rhythm, — 
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These impulses cannot come along the trunk of the visceral from 
the pleural ganglia, for when that part of the nerve is cut the normal 
rhythm can be still maintained. 

On the other hand, section of the nerve from the Ist cardiac ganglion 
to the ventricle stops the beats of the branchial heart just as if the 
main nerve C-Cr were cut; and stimulation of the uncut ventricular 
nerve causes the branchial heart to contract. 

These facts render it probable that the rhythm of the branchial 
heart is regulated by impulses coming from the ventricle, and 
reflected to it in the ganglion C along the nerve C-Cr, Such an 
influence of the ventricle may be made visible in another way. The 
ventricle, right auricle, right kidney vein, right branchial heart and 
gill, with the right visceral attached, are excised and placed in a vessel 
without sea-water, where they lic collapsed and quiescent. The visceral 
_is now stimulated, and the passage of the current is followed by a series 
of ventricular beats, each of which is succeeded by a contraction of the 
branchial heart. This still happens when the auricle is severed from 
the gill, so that the only connection between branchial heart and . 
ventricle can be along the nerve. From this experiment again it is 
natural to conclude that each contraction of the ventricle starts an 
impulse which determines a contraction of the branchial heart, 

Such a disturbance of the vascular system as is caused by section of 
the nerves to the branchial heart seriously affects the respiratory 
- movements; but section of these nerves, while it weakens and slackens 
the respiratory rhythm does not overthrow it as does section of the 
trunk of the viscerals, From this it seems probable that impulses 
coming from the ventricle are also those most important in promoting 
the rhythm of respiration’, 

Stimulation of the nerve from the branchial heart to the gill (Cr-B) 
‘in situ’ causes persistent contraction of its branchial heart and gill; 
but the action on the branchial heart alone may be studied by cutting 
the nerve near the base of the gill and dissecting it out from the 
connective tissue in which it lies on the branchial heart. The inter- 
rupted current then applied to the nerve produces a persistent contraction 
of the branchial heart, accompanied at its commencement by a beat of 
the kidney vein. But besides acting on these two organs, the nerve has 
afferent fibres communicating with the Ist cardiac ganglion and thus 


1 The curious conclusion is here pointed to that, so far from nerve cells originating the 
muscular rhythm, the rhythmical activity of a nervous centre is dependent on impulses 
- from automatically contracting muscle. | 
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with the ventricle, for stimulation also produces inhibition of the auricle 
and ventricle. At the end of stimulation the rhythm is resumed by the 
branchial heart before the kidney vein. The former first gives a beat 
alone, and then a second followed by one of the veins. Then the normal 
rhythm is resumed. In addition therefore to efferent motor impulses, 
these also pass inhibitory impulses to the ventricle along the nerve 
C-Cr, and the branchial heart has also apparently some influence 
through its nerves on the kidney vein. 

The relations of these two organs are best studied when both are 
excised together. It then often happens that a regular rbythm is set 
up in the order kidney vein, branchial heart. If now the ganglion on 
the latter be cut out, although the vein goes on pulsating as before, the 
other organ ceases to beat and no longer responds to any impulse from 
the vein. And in other cases, where no spontaneous beats occur in 
either, if the kidney vein be pricked it responds with a beat which is 
followed immediately by a contraction of the branchial heart. So soon 
however as the ganglion is removed, no pricking or other stimulation of 
the vein can call forth a beat of the branchial heart. The proper 
sequence of beats is evidently determined by the integrity of the nervous 
connection; and an excitation connected with a contraction in a 
kidney veils may be conveyed along nervous tracts to produce the same 
effect in the branchial heart. It seems probable that an ordinary 
contraction of the vein may act as a stimulus to the branchial heart, as 
in the case mentioned of the regular rhythm of the two excised 
together; but that it does not always act as a sufficient stimulus is 
shown by the not infrequent cases in which though the nervous 
structures are intact the branchial heart is quiescent while the vein 
executes independent pulsations. And although such impulses must 
continually reach the branchial heart from. its kidney vein during life, 
in addition to those from the ventricle, it is probable that the latter. 
exercise by far the greater influence in regulating the rhythm; so much 
so indeed that it is only after their removal that the presence of the 
former becomes obvious: and although the arrival of impulses along 
any path to the ganglion of the branchial heart may cause that organ 
to contract, it is probable that the chief if not the only efficient 
stimuli during life are those which reach it from the ventricle along 
the nerve C-Cr. 

The action of the cardiac nervous system as a coordinating mechan- 
ism appears thus established. The oldest and central organ of the 
cardiac apparatus is the ventricle, to the service of which the other 


q 
284 
one ig 
pom 
& 
is 
- 
. 
¢ 
3 
iy 
4 
) 
+ 
“Ss 
> 
ag 
. 


CARDIAC RHYTHM OF INVERTEBRATA. 285 


parts are adapted. Since the chief condition of a regular ventricular 
and auricular rhythm is the presence of fluid to distend those organs, 
a constant renewal of the blood supply is an essential. But in the 
course of the returning. blood stream is placed an obstacle in the shape 
of the gills, which obstacle the feeble pulsations of the veins great and 
small are unable to overcome. There is therefore developed at the 
_ entrance to the gills a pair of muscular outgrowths of the kidney veins 
—the branchial hearts—which, working in harmony with the auricles 
and ventricle, shall at every diastole force into them that quantity of 
blood which is most favourable to their natural beat. The exact 
moment of each contraction of the branchial heart is therefore deter- 
mined by nervous impulses from the ventricle, and the latter is to some 
extent influenced by moderating fibres reaching it from the former’. 
While the whole of the venous system—even the veins in the arms— 
has the power of rhythmical contraction, at that part where the veins 
enter into the cardiac system—the kidney veins,—it is brought into 
nervous connection with that system by means of the fibres from the 
ganglion of the branchial heart. By these nerves they exercise some 
influence on the. branchial heart and thus indirectly on the ventricle, 
but the exact nature and extent of this influence is not quite clear. 
Undoubtedly we are here on the outskirts of the cardiac apparatus, 
and the relations of these outlying parts with the central organ are 
least close and least important of all. Of special nervous influence of 
the ventricle on the auricle, or vice versa, there is no evidence, and the 
muscular connection was before shown to be slight, the regulation of 
their mutual work being probably managed by their sensitiveness to 


The chief need of coordination by nerves is undoubtedly between 
the systemic heart and the branchial heart, and it is there _ we find 
it chiefly developed. 


1 The regulation of periodicity in an organ itself capable of rhythm independently of 
periodic éxternal impulses, which is here supposed to be performed by the ventricle on the 
branchial heart, is known to occur with various modes of external influence in other 
rhythmically active organs. 
- Thus Dastre (Journ. de Anatomie et de la Physiologie, Tome 18, 1882, p. 433) made 
a Frog’s apex beat synchronously with a Tortoise ventricle by connecting the two by 
cannulae and thus causing periodic accessions of pressure ; 

A properly regulated series of induction shocks falling on a beating ame may be 
made to increase or diminish the rate ; 

And a similar action by nervous impulses occurs in the well-known influence of the 
vagi on the respiratory centre of the mammal. 
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Although the existence of sporadic ganglia with reflex functions is 
at present unproven in Vertebrata, yet this antecedent improbability of 
such a function does not extend to invertebrate forms, where isolated 
ganglia with reflex functions are known to exist. 

The conclusion therefore appears justified that coordination is at 
any rate one of the functions of the intra-cardiac nervous system of the 


On Inhibition, and the influence of Hlectricity and Poisons on the Cardiac 
Muscle and Nerves. 


For the detailed study by the graphic method of the phenomena of 
inhibition and of the effects of various stimuli the systemic heart 
(auricles and ventricle) is obviously the most important; for to it alone 
is there certainly an inhibitory nerve, and its structure affords points of 
interest and experimental advantages not possessed by the kidney veins 
or branchial hearts. While therefore the auricle and ventricle were at 
first selected for graphic observation, the bulk of such experiments 
became even more limited in area, for although I had expected to obtain — 
interesting results from the simultaneous record of auricular and 
ventricular contractions, the increasing evidence of the physiological 
isolation of the two organs soon convinced me that this method, so 
valuable in vertebrate physiology, was of minor importance here, and the 
experimental drawbacks attending the investigation of auricle and 
ventricle together led in the majority of cases to the employment of 
ventricle alone, A few observations made on the isolated auricle served 
to show the general similarity of its hehaviour to that of the ventricle ; 
but the superior size and strength of the latter, in addition to the 
greater interest attached to it by reason of its muscular striation, made 
it the more suitable for general use. 

. It will be however advantageous before dealing with the relatively 
complex phenomena of the ventricle to note the results of observations 
made by the non-graphic method on the effects of stimulation of the 
kidney veins and branchial hearts, 

The interrupted current was applied to the kidney veins when they 
were still in the whole animal, or in the body separated from the head, 
or when excised and placed in a watch-glass ; but in all cases the effects 
were the same, viz, the interrupted current invariably proved favour- 
able to rhythm and never produced a trace of inhibition, When very 
weak currents were used at commencement and a series of gradually 
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increased strength applied, a stage in which there was no perceptible 
effect passed into one in which the beats became slightly faster, then to 
a third characterised by a rapid flickering rhythm, and finally to one in 
which the veins remained convulsively contracted, only rarely and 
irregularly giving a spasmodic beat. 

If the kidney veins before stimulation had no spontaneous rhythm 
of their own, the interrupted current of a certain strength started a 
series of slow beats which increased in rate with the strength of the 
current, and presented a final stage of apparent tetanic contraction like 
that described. 

The absence of any inhibition in these experiments confirms the 
view above put forward as probable, that inhibitory nerve fibres are 
absent from the kidney veins, which fibres if they existed must have 
been stimulated by some strength of current; but what is still more 
remarkable is the absence of any direct inhibitory action by the current 
on the muscular fibres. It was, in the light of Foster’s experiments 
on the Snail’s heart, a most unexpected result; but however. often 
I repeated the observations I never found cause to doubt it, and it 
receives support from the experiment of Fredericq mentioned above 
in which he describes acceleration of the kidney veins ensuing on 
stimulation of the vena cava,—such stimulation of course coming to the 
same thing as applying the electrodes to the kidney veins, which are 
mere branches of and physiologically continuous with the vena cava. 
A resemblance will be seen further on between this behaviour and that 
of lower molluscan hearts, and under certain conditions with that of the 
ventricle itself. : 

The action of the interrupted current on the rhythm of the kidney 
veins is therefore purely accelerating. 

The branchial hearts by reason of the extreme slowness of their 
contractions when isolated present fewer facilities for observation. The 
most usual result of their stimulation was found to be contraction 
persisting throughout the period of application of the current, but in 
some cases by carefully graduating the strength of the current it was 
possible merely to increase the strength and rate of the beats. 

_ The sluggishness of the muscle of these organs is well shown by 
mechanical stimulation. While a kidney vein when pricked with a 
needle responds with a short sharp beat of normal duration, the 
branchial heart gives a slow localised contraction and may take more 
than a minute to relax completely. 

The method of preparing the systemic heart for graphic records 
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differed according as it was desired to use the ventricle alone, the ven- 
tricle with a visceral nerve, or the ventricle, auricle and nerve. 

In the first case, both auricles and the visceral and genital arteries 
were ligatured close to their junctions with the ventricle and a glass 
cannula about 8 cent. in length thrust through the aorta into the 
ventricular cavity. When thus suspended and supplied with sea-water 
by means of the cannula, the ventricle usually beat strongly and 
regularly for some hours. In many cases the fluid in the ventricle 
consisted not of sea-water only but of a mixture of sea-water and of 
blood which had not escaped during preparation ; but although such 
differences in composition of the internal fluid would doubtless affect 
the curve of exhaustion they proved unimportant in the experiments to 
be described. The quantity of fluid in the cannula which was most 
favourable to a good rhythm varied much. In some cases when no 
water at all could be seen even during systole above the aorta in the 
tube, yet very fair beats were executed ; but as a general rule a certain 
pressure of fluid was essential to a good rhythm, and when this was 
removed the beats usually ceased. The exact amount of pressure 
requisite also varied with different hearts, but columns of a height of 
1—3 cent. during diastole were perhaps the most favourable. The 
pulsations were of course well seen by the movements of the column of 
fluid, the range of which in the strongest beats was 5 centimetres. __ 

The preparation of the visceral nerve with the ventricle entailed 
leaving on a piece of an auricle, through part of which-the ventricular 
branch of that nerve runs. The auricle was either ligatured just above 
the entrance of the nerve, or, if a record of its movements was wished, 
a cannula was inserted into it as well as into the ventricle, In either 
case the visceral was dissected out, cut, and ligatured, so that a piece of 
3—4 cent. in length was available for placing on the electrodes, In 
either case also the auricle showed little influence on the movements of 
the ventricle, and in the former seemed rarely to pulsate; while in the — 
latter it might be suddenly separated by a ligature without interference 
with the ventricular rhythm, Attention was mainly paid therefore to 
the movements of the ventricle, and when the word “rhythm” is used 
in the following temarks it is to be understood as referring, except when 
specially mentioned, to the rhythm of the ventricle. 

When it was wished to study the influence of stimuli on the ventricle 
at rest it was often simply hung up by a clamp on the aorta without any 
vessels being ligatured. 

The rhythm of the beating suspended ventricle was found to reach 
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& maximum soon after suspension, after which it showed a gradual 
decline to the time when it ceased to beat several hours later. In some 
cases of fatigue or impaired irritability Luciani groups showed them- 
selves, 

The study of inhibition in the Octopus starts from a simpler basis 
than that of the generally received theory of inhibition in the Frog. 
Since the seat of the rhythmical action in the Cephalopod resides in the 
muscular fibres themselves, there can be here no question of the inter- 
ference of nervous impulses with processes going on in nerve cells; so 
that if it be desired to bring ganglion cells into the matter at all it is - 
only admissible on a priori grounds to find in the Ist cardiac ganglion 
the representative of the hypothetical inhibitory. mechanism of the 
Amphibian. And if the cells of this ganglion, in addition to their 
_ demonstrated reflex function, possess inhibitory powers, they yet present 
this decided difference from their supposed representatives in the Frog 
that they send their impulses not to other nerve cells but direct to the 
muscle fibres, But although it is a priori possible that these ganglion 
cells may modify the impulses travelling to the ventricle along the 
visceral nerves, in some such way as has been suggested by Dastre 
and Morat to occur in the stellate ganglion of Mammals, yet such a 
change is not a necessary or even probable supposition, and is not 
supported by the facts, 

For in no case was there any appreciable difference in the results of 
stimulating the nerve before and after the ganglion, so that no influence 
of the ganglion cells on the nature of the nervous impulses was to be 
detected. We must therefore think of visceral nerve and cardiac muscle 
as connected directly much as is a voluntary muscle with its motor 
nerve, and attempt to account for the different results of nervous action 
by the known difference in the normal activity of the heart muscle, 
with perhaps a specific difference in the nature of the nervous impulses. 

A typical curve of visceral inhibition of the ventricle is given in 
Fig. 1, Plate VIII. 

The uniform beats of the ventricular rhythm ciuaphenaly cease 
almost at the instant that the interrupted current is thrown into the 
nerve, a period of diastolic rest accompanies the oo and almost 
directly the current is stopped the rhythm is renewed. 

The instant at which inhibition occurs was found to vary with the 
phase of the beat in which the stimulus was applied. When the current 
enters the nerve during the process of a contraction, that contraction 
always occurs, and usually with its full strength; but if the heart be in 
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the relaxing state or entering on the diastolic phase standstill follows 
immediately without an intermediate beat. If diastole be almost over 
and a contraction on the point of commencing, a beat of reduced size is 
the usual result; but in whatever phase of the cardiac cycle the stimulus 
is applied, there is never a greater interval than one beat before stand- 
still is produced. 

The recovery of rhythm occurs equally soon after the cessation of 
the current, and the sharp and sudden resumption of force differs 
markedly from the slow and gradual renewal of beats which is exhibited 
by the Frog’s heart. Thus, the first beat after standstill is immensely — 
stronger than any of the preceding beats; it seems as if the pent-up 
efforts of the inhibitory period had now at last burst out with an increased 
vigour accumulated during the rest. 

The second and third beats suffer from the disproportionate amount 
of energy expended by the first, and are rarely larger and often smaller 
than those preceding standstill. | 

Their rate is however augmented, and this increase is continued for 
many more beats, but gradually declines. The beats succeeding the 
second and third also show a striking increase in strength, but the curve 
of rate rises and falls sooner than that of strength. 

While none of these succeeding beats equal the first in force, yet 
they show a clear and persistent increase over the original pulsations, 
and thereby lead to the idea that, although the great strength of the 
first beat: may be due merely to the beneficial effect of the rest, there 
have been set up in the muscle of the nerve during the period of 
inhibition molecular changes which are actively favourable to the pro- 
duction of beats :—in other words, that trophic changes have accompanied 
inhibitory action. 

Complete inhibition is only obtained when certain moderate emithe 
of current are used: if the current be either under or over these limits, 
contractions may occur during its passage through the nerve. The — 
tracings thus obtained differ however in the two cases and point to 
different explanations of the origin of the pulsations. 

In the first case, when a current too weak to cause complete stand- 
still is used (Fig. 2), beats occur which are slower and usually weaker 
than the normal, The strength of these beats remains usually fairly 
uniform, but the intervals of rest between them are less so. Thus, the 
longest period of inhibition is at the commencement of stimulation, 
when the inhibitory impulses are strongest; but soon in their struggle 
with the rhythmical motor changes in the muscle they become slightly 
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exhausted, and the latter predominating gives rise to a contraction. 
This however is weaker than the normal, and is followed by an interval 
longer than the normal before another similarly weak contraction takes 
place. Thus weak inhibitory impulses impair both factors—rate and 
strength—of the rhythmical action without succeeding in entirely over- 
coming them. Though both are in this case reduced together, yet, as 
will be seen in other curves, they do not always rise and fall part passu ; 
for in some cases rate remains unaltered while the strength is reduced, 
in other changed rate occurs with the same strength, and in others the 
two vary inversely. But while capable of independent change, they 
remain most intimately connected as the components of rhythmical 
action, and the same impressed force may affect chiefly now one, now 
the other, now both; and in no case have I been able to detect any 
specific action of nerve fibres on either function separately, or to obtain 
evidence that the visceral nerve can analyze the process of rhythmical 
action into such parts or affect it for good or bad in any way but as a 
whole. It therefore seems better here not to speak of inhibition as 
caused by slowing of rate or reduction of contraction power to nil, but 
as a process in which are completely changed into others those molecular 
processes which originate both rate and strength. 

The reason of the beats which occur during visceral stimulation 
with currents of greater strength than the inhibitory optimum is more 
difficult to lay hold of, since in such cases escape of current may come 
into play and is not always easy to distinguish in its effects from truly 
nervous action. As will be seen by a reference to Fig. 3, the curves in 
this case are very different from those produced by currents below the 
optimum ; for although the first beat or two that occurs diring the 
period of excitation may be weaker than the normal, yet the succeeding 
ones form a staircase which soon out-tops the pre-stimulation curves. 
The stronger the current, the greater the number of such beats and the 
‘greater their strength; so that at last, as in Fig. 3, some of them may 
rise to a greater height than those of the trophic after-period. The 
origin of these beats cannot however be fully discussed until the pheno- 
mena consequent on direct stimulation of the ventricle have been ex- 
amined, so that for the moment it must be left unsettled. 

The period of increased vigour in rhythm which usually follows 
- visceral stimulation is but slightly marked or even absent from minimal 
stimulations, and becomes more evident the stronger the current; but it 
is perhaps most strikingly developed when the nerve is stimulated in a 
resting heart, in which case the causation of beats makes the nerve 
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appear to have a motor function. In all such cases of effective stimula- 
- tion, either the passage of the current is followed by a series of beats 
(Fig. 4); or, if the current be stronger not only are beats produced in the 
after-period, but a staircase like that induced by the strong stimulation 
mentioned above appears during the application of the current (Fig. 5). 

The visceral nerve of the Octopus thus apparently produces opposite 
effects when the heart on which it acts is in the opposite conditions of 
activity or repose; the same nerve which stops the active heart from 
contracting may excite to it the heart which cannot find within itself 
_ impulses sufficiently strong for activity. But these opposed effects are 
clearly produced in the same manner and by the same kind of nervous 
action; there is no need here of accelerator and inhibitory fibres of 
which now one set, now the other, is predominant : there is no evidence 
that the fibres of the visceral that carry impulses to the ventricle are 
not entirely uniform in function; and all the experimental testimony 
tends to the conclusion that their action is in all cases essentially the 
same, viz. the setting up of metabolic changes which increase the 
excitability and rhythmical power of the muscle. In the beating heart 
the first result of this nervous action can only be cessation of the other— 
rhythmical—activity; but as the excitation of the nerve gets stronger, 
the production of highly irritable contractile substance is increased, and 
the effects are shown in the much increased vigour of the rhythm of the 
after-period, or by the occurrence of beats after stimulation of the nerve 
of a resting heart; and when the excitation is again increased the 
accumulation of explosive material may be so great, or the muscular 
irritability may be so heightened, that the presence of any’slight 
incidental stimuli—mechanical, thermal, electrical or chemical—may 
suffice to overcome the influence of the nerve, and beats may be il 
duced during as well as after the period of stimulation. = 

With the facts of visceral nerve action thus far elucidated we may 
next compare the effects of direct stimulation of the ventricle itself. 

As is the case with the hearts of the Snail, Frog and Tortoise, the 
application of interrupted currents of certain strengths to the Octopus’ 
ventricle induces a diastolic standstill resembling that due to nervous 
action®. So much indeed do the two forms of standstill resemble each 
other that it is often impossible to tell by inspéction of the curves in 


1 Although such incidental stimuli cannot be always laid hold of and defined, yet there 
ean be no doubt that they are always present, elther in the shape of tension, or of escape 
of current, or in other less determinate forms. 

? This inhibition by direct stimulation was noticed by Dew-Smith (loc. cit.). 
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what manner inhibition was caused. Yet certain differences, quantitative 
and qualitative, are to be detected, and there are in addition differences 
between the results of different direct stimulations according to their 
point of application to the ventricle. These variations, together with 
the consequences of poisoning with curari, afford I think a means of — 
deciding in these experiments the question as to what effects are 
produced by the direct action of the current. on the muscular fibres 
and what are due to stimulation of nervous structures among them. 
A series of graduated direct stimulations of the ventricle resembles 
in its main features a similar series of visceral nerve excitations. When 
below a certain intensity, the interrupted current merely weakens and 
slackens the rhythm—as is shown in Fig. 6, where, with the electrodes 
placed on either side of the genital artery, currents in which the secondary 
coil is successively put at distances of 9¢.,8c¢., 7¢., are unable to cause 
complete standstill, although that stage is approached with the strongest 
stimulation and the improved after-rhythm distinctly manifested. When 
the electrodes are placed near to the junction of an auricle with the 
ventricle, a total inhibition is more easily produced, as in Fig. 7, where 
a stimulation with the coils 8 ¢, apart is effective. A similar stimulation 
with the coils 10 ¢, apart merely slackens the rhythm, as during it four — 
beats of full strength occur. But when the same strength of current is 
thrown into the visceral nerve, a complete standstill is produced (Fig. 7). 

- Inhibition is therefore most easily produced when the nerve itself is 
‘stimulated, less so when the electrodes are put on the ventricle near an 
auricular orifice, and least when the neighbourhood of the genital artery 
is excited, 

In direct stimulation, as with the visceral nerve, the improvement 
in nghyshion of the after-period of inhibition is more marked the stronger 
_the current ; and the trophic action shows itself in the same way in the 
resting hieest by the causation of a series of beats after the cessation of 
the stimulus. In a resting heart however the throwing in of the inter- 
rupted current often excites the muscle to a contraction at the beginning; 
but the passage of a moderate current is usually accompanied by no other 
beats, so that the curve obtained closely resembles that of the nerve’, 
Fig. 8. 

A difference in the curves begins to be observed when the currents 
are increased to such a strength as would cause visceral stimulation to 
be accompanied by beats. None of these beats are produced, but 


1 The effects of stimulating the ventricle in situ were exactly the sane as when 
20—2 
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there appears superposed upon the diastolic inhibition a series of very 
small rapid beats which may almost fuse into a slight continuous con- 
traction. The stronger the current the less evident do these small 
beats become, since they fuse with each other, and the curve then 
assumes all the appearance of a tetanic contraction. [Whether the 
ventricular muscle is really capable of tetanus will be discussed later. ] 
With such currents the trophic after-effect is very marked (Fig. 9). 

With the exception of these effects of strong currents, the curves 
obtained by visceral or ventricle stimulation agree point for point. The 
contraction just mentioned as caused by strong currents acting on the 
ventricle itself is evidently due to the direct action of the currents on 
the muscle. But what of the other effects—inhibition, and trophic 
action? Are they due to nerve or muscle excitation? It may even be 
asked if the effects of visceral stimulation may not be due to escape of 
current acting on the muscle. 

This last question is I think answered in the negative by the follow- 
ing facts. Ligature of the nerve between the heart and the electrodes, 
stops all action, inhibitory and trophic, except with very strong currents : 
the minimal efficient strength of current is less when applied to the 
nerve than when applied to the ventricle directly; and the beats which 
may occur during strong nerve excitation never or but rarely occur during 
direct stimulation, and must therefore be due to excitability increased by 

nervous action. 
_. The after-effect of improved rhythm is however distinctly manifest 
with direct stimulation, and I have not been able to find that it is pro- 
duced less easily than by the nerve; indeed sometimes it seemed to be 
more readily called forth by putting the electrodes on the ventricle 
itself. There would therefore seem to be some ground for the view 
that trophic action might not be in all cases nervous, but might some- _ 
times be caused by the interrupted current. But here the evidence for 


suspended, The following experiment, made on the same heart as that mentioned for 
visceral stimulation on p, 282, shows the similarity of the two actions, 


} min. before stim, | } min. stim, | } min. after stim, 


Beats. 0 2 9 


but the main effect of the rapid after-rhythns is the same, 
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the similarity of the influence of the current with that of the nerve 
ceases, and the facts point to nerve action even in direct stimulation, 

The order above indicated of the facility with which inhibition may 
be produced by different applications of the electrodes is precisely what 
we should expect if direct stimulation produced inhibition by acting on 
the visceral @bres scattered through the ventricle. Most nerve fibres 
must be stimulated when the trunk of the nerve is laid on the electrodes, 
still a considerable number when the auricle or the ventricle near the 
auricle is the point of their application, but very few when the electrodes 
are placed near the genital artery, which is the point of the ventricle 
farthest from either auricle and the entrance of the nerves, (By reason 
of the asymmetry of the ventricle, the great aorta is rather near to the 
right auricle, so that when the electrodes are placed near its origin the 
current is apt to escape on to the thick branches of the nerve coming 
from the auricle.) 

These facts render still stronger the antecedent improbability that 
two inhibitions entirely similar should be due to two distinct causes, 
and lend considerable support to the view that the inhibition consequent 
on direct stimulation of the ventricle with the interrupted current is 
due not to any special action of the current on the muscle but to excita- 
tion of the inhibito-trophic fibres of the visceral nerve which spread 
through it. 

This view is further sustained by the phenomena of curari poisoning. 

As arguments have been advanced in favour of the existence of an 
intrinsic inhibitory mechanism in the Frog’s heart or of a special inhibi- 
‘tory action of the interrupted current founded on the statement of 
Heidenhain’ that it is still possible after paralyzing the vagus with 
curari to obtain standstill by applying the electrodes to the sinus, so 
may a similar test be employed here. 

It has been shown by Yung’ that although hypodermic haseclbiene of 
curari do not much injure an Octopus, yet the introduction of this 
poison into the circulation soon paralyzes the motor nerves; and I have 
been able to confirm these statements, and to show that not only is the 
animal unable to execute voluntary movements but that the visceral 
nerves also lose their power. 

The solution of curari was made by viding 20 ce, of sea-water to 


1R, Heidenhain. ‘Das Pfeilgift und die Herznerven.” Allgem. medic. Central- 
zeitung, 1858, No. 64. 

E. Yung. ‘Recherches exp. sur l’action des poisons chez les ” Mitt. 
a. a, Zool. Station zu Neapel. Bd. 8. 1881. 


ia 
a 
a 
“a 
5 
wa 
ig 
4 
; 
New 
Sig 
« 


et W. B. RANSOM. 


002 grm. of the solid poison. Owing to the large quantity of impurities 
in the drug as purchased, there must have been considerably less than 
1 mgrm. in each cubic centimetre. Of this solution 0°1 cc. usually, and 
0°5 cc, always, added to the water in the tube is sufficient to destroy 
visceral action, so that even with the strongest currents no standstill 
can be produced. Indeed with such strong currents, instead of inbibi- 
tion, phenomena occur recalling the “paradoxical vagus action” described 
by Wundt, Boehm and others as a consequence of curari poisoning, 
inasmuch as an increase both in rate and strength of the beats accom- 
panies and slightly outlasts the passage of the current (Fig. 10). This 
acceleration however is observed equally well after the nerve has been 
clamped or ligatured, and cannot therefore be considered as due to 
excitation of unparalyzed accelerator nerve fibres, as is probably the 
case in the Frog’, But not only is the visceral action overthrown, but 
inhibition can no longer be produced by placing the electrodes directly — 
on the ventricle; for currents which before could just inhibit are now 
without effect, or like stronger currents only increase the rate and 
strength of the beats (Fig. 11). It is remarkable however that 
although inhibition is no longer possible, yet a trophic action of the 
interrupted current seems to remain, for the improvement in rhythm 
usually outlasts the stimulation considerably, and in the resting heart 
the beats which are produced during the passage of the current usually 
continue for a short time after its cessation. 

Taking into consideration the preceding facts and the remarkable 
constancy of curari action in other animals, I think that the following 
inferences are to be drawn from their behaviour under the poison :—The 
interrupted current cannot inhibit a curarised ventricle because it acts 
by stimulating the inhibitory nerve fibres in its substance, and in such 
a ventricle these are thrown out of play: the direct action of the 
current on the other hand is favourable to rhythm as is shown by the 
increased vigour of the beats both during and after direct stimulation ; 
and it is allowable to speak of the interrupted current as exercising a 
_ distinct augmenting or accelerating influence on the heart muscle. The 
acceleration produced by strong stimulation of a curarised visceral nerve 
is due to this action of the escaped current, and there is therefore in 
the Octopus no real “ paradoxical vagus action.” 

This accelerating influence of the interrupted current which has 
been spoken of as “trophic,” and compared with the trophic action of 


? The recent evidence of accelerating sympathetic fibres to the Frog’s heart sufficiently 
explains this “ paradoxical action.” 
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the visceral nerve, must not however be considered as resembling it very 
closely. It is rather an influence urging to the expenditure and active 
use of contractile material, while the nervous impulses tend to cause an 
accumulation of such material, and therefore tends to defer the epoch of 
exhaustion, while the current hastens it. 

The results thus obtained on the ventricle harmonize perfectly with 
the facts described in connection with the kidney veins, in which inhibi- 
tory nerve fibres were not found and in which acceleration was the only 
result of stimulation. | 

There is yet one more fact which may be mentioned as supporting 
this view of inhibition, which is, that as a general rule the more the 
visceral nerve has been exhausted by frequent stimulations the harder 
it is to cause standstill by directly stimulating the ventricle, This is not 
easy to explain if the interrupted current inhibits the muscular fibres — 
independently of the nerves, whereas if naturally follows from ‘the 
supposition that the excitation of the latter is the inhibiting influence. 

The view here arrived at does not accord with the conclusions that 
are drawn from the experiment of Heidenhain mentioned above as to 
the effect of curari on the Frog’s heart. But even if this result of 
Heidenhain’s be true—and it does not hold according to Léowitt’ and 
others for strong doses of the drug, which prevent all inhibition what- 
ever—this isolated fact does not seem a sufficiently strong argument 
against the array of opposing facts, especially as the high resistance of 
the Frog’s vagus to curari is well known*. The theory of a direct 
inhibitory action of the interrupted current is also opposed by the results — 
of Klug*, who found that after degeneration of the true vagus fibres 
consequent on section, stimulation of neither nerve trunk nor vane 
could cause inhibition. 

Gaskell‘ also, in discussing his observations on ‘the action of the 
vagus nerve in the Tortoise and on the action of the weak interrupted 
current on a strip of the ventricular muscle of that animal, is led to 
explain the extraordinary similarity between the two actions not by the 


1 Léwitt. Pfliiger’s Archiv. Bd, xxvit, 1882. 

- ® The results of nicotin poisoning have been used as arguments in the same way as 
curari, but are probably of less value from our less definite knowledge of the sphere of 
action of this drug. 

An explanation of Heidenhain’s result may perhaps be found in the consideration 
that during sinus stimulation the endings of two vagi are excited, and that the two 
together might prove efficient when one was not so. 

3 Klug. Centralvl. f. d. med. Wiss. No. 53. 1881, 

* Gaskell. Journ. of Phys. Vol. 1v. Nos. 3, 1883. 
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hypothesis that the vagus endings are excited but by attributing to the 
current a direct action on the muscle of the same nature as that 
exercised by the vagus nerve. Without bringing any important 
objections against the former view, he supports the latter by the 
following argument :—“ If,” he says, “the interrupted current when 
applied directly to the muscle produces its effects by the stimulation — 
of the endings of the vagus nerves, then other kinds of stimulation 

must also produce similar results when applied to the muscle as 
when applied to the vagus itself; single induction shocks therefore 
ought to produce the same effect whether applied to the vagus 
or the muscle itself.” After quoting Bowditch’s observations of 
the staircase of beats produced by a series of single induction shocks, 
he shows that such a series forms an excellent stimulus to the 
vagus nerve, and concludes that as here the single induction shocks act 
on the muscle in preference to the nerve fibres within it, although they 
are capable of stimulating nerve, so the weak interrupted current 
produces its effects by its action on the muscle, But it seems scarcely 
to follow necessarily that because one form of stimulus, capable of 
exciting nerve, when applied to muscle and nerve together shows a 
preponderating effect on the muscle, therefore another form similarly 
capable of stimulating either tissue may not when applied to the com- 
pound of both select the nerve rather than the muscle for its sphere of 


action, In all cases when the compound is acted on by such stimuli, — 


both factors must be affected; and it seems to me not possible to state 
a priort which will show the greater effect. And it is by no means 
certain that the particular form of stimulus afforded by the weak 
interrupted current does act as readily on muscle as it does on nerve: 
as is shown by the: fact that in the Octopus heart a strength of current 
which could just inhibit, often after curari shows no effect at all. Hence 
we cannot accept this argument of Gaskell as a yeoot of a direct 
inhibitory action of the interrupted current. 

The case however in which a direct inhibitory action of the weak 
interrupted current has been considered most clear is that of the Snail’s 
heart, described by Foster (loc. cit.), The pulsations of this heart, in 
which no nervous structures had been discovered, were considered by 
him to form a purely “ protoplasmic rhythm,” and the inhibition 


- observed to be due to a direct interference of the current with the 


rhythmical molecular changes of this primitive cardiac muscle, 
I shall consider this case later in this paper in connection with the 
hearts of other Molluscs and endeavour to show that it does not in 
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reality form an exception to the rule above arrived at; and at present 
I venture to think that the evidence obtained from the Octopus’ heart 
is vastly against such an action of the current in its case, and that the 
reasons for assuming such an action in the hearts of Amphibia and 
Reptilia are based on an insecure foundation and stand in need of 
reconsideration. | 

When an organ built up of muscle and nerve is stimulated the 
resultant effect must vary with the three factors :— 

(1) The condition of the muscle. 
(2) The condition of the nerve. 
(3) The nature of the stimulus. 

_ Now one, now the other tissue will Saiaitienied in producing the 
clus results; and although the action of certain stimuli on the 
muscle may have resemblances to the action of the nerve, yet an entire 
similarity is not to be expected, and is not supported by experimental 
evidence, 

Pharmacological evidence having thus proved useful in helping to 
form a notion of the nature of inhibition in the Octopus, it may be well 
to consider here somewhat further the action of curari and of some 
other poisons which have been used to construct theories of motor, 
inhibitory and accelerating nervous mechanisms in the heart of the 
Frog. Among a number of such drugs, atropin and muscarin hold the 
most prominent position, and in a typical exposition of the generally 
received theory of the Frog’s heart such as is given by Harnack in his 
lecture on ‘Die Bedeutung pharmakologischer Thatsachen fiir die 
Physiologie des Froschherzens', the existence of a ganglionic inhibitory 
centre is mainly supported by the consideration of these two poisons. 
To them therefore, in addition to curari, I have confined my attention 
in the hope of further testing the view above arrived at of the inhibitory 
process in Cephalopoda, Some of the results obtained presented 
unexpected differences from the known effects of these poisons, and I 
was at first inclined to doubt the purity of my drugs. Having tested 
them however with normal results on Frogs, I come to the conclusion 
that the differences are due to differences of the tissues of the two 
animals, 

Curari. 


Some peculiarities observed when large doses of this drug. are 
| amilicnd entail a further discussion of its action, : 


1 Halle. 1881, 
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While small doses of curari passed into the beating heart may 
entirely do away with the possibility of inhibition and yet produce no 
perceptible change in the rhythm, yet large doses have often an 
apparently stimulating effect. The mere extra pressure caused by the 
addition of 0°5 to 2c.c. of sea-water to the fluid in the cannula naturally 
produces a change in the curve :—the base line rises showing increased 
tone, but usually the beats show no or but slight increase in rate and 
strength, and often their amplitude is diminished as the tone increases. 
But these effects of mechanical stimulation are to be distinguished 
from the specific action of the drug. 

In some cases the tone may be increased but slightly, while the 
rate and strength, or sometimes rate alone, exhibit a marked augmenta- 


tion, and in some cases both tone and rate are increased together. 


In one such instance a very remarkable curve was obtained, forming 
an arch of quick beats succeeding each other too rapidly to allow of 
complete relaxation in the intervals, and thus offering a stage in the 
development of tetanus. (Fig. 12.) 

Curari thus having an obviously exciting effect, it may be urged 
that the consequent impotence of nerve or direct stimulation to produce 
inhibition is due not to injury of the nerve endings but to an excitation 
of the muscle fibres beyond, leading to an increased vigour of rhythm 
which enables them to resist interfering shocks. 

In reply to this objection it may be said that it is only with large 
doses that any exciting effect becomes visible ; that an exceedingly small 
quantity—0'l c.c.—will entirely prevent iabibition while no change in 
rhythm can be detected; that other substances (atropin) which strongly 
excite the muscle, or increased pressure—which does the same within 
certain limits—in no way interfere with inhibition; and finally that the 
loss of voluntary motion on the part of an Octopus poisoned with 
curari affords a strong presumption that the poison acts here as it has 
been found to act with such striking uniformity in — viz. on 
the endings of efferent nerves. 

These arguments I think render it probable that curari does act on 
the nervous side of the end-plate in the direction of depression of 
activity, and when taken with the evidence previously given go far to 
establish the position that inhibition even 1 by direct stimulation is due 
to excitation of inhibitory nerves. 

But it also seems clear that after siiiiies of play the inhibitory 
nerves, the poison, at any rate when in quantity, has a further exciting 
action on the muscular fibres. This action will be again noticed when 
the effects of muscarin are discussed. 
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Atropin. 

The olin: chiefly used was made by ii sulphate of 
atropin in sea-water so that 1 c.c. of the solution contained 1 m. grm. of 
the drug. Solutions were also made up with fresh water and distilled 
water; and acid, neutral and alkaline solutions were also compared ; 
but in all cases the same main effects were obtained, and were therefore 
due to the alkaloid. 

The predominant effect which prevailed throughout all the experi- 
ments on atropin was an excitation of the muscular fibres. 

Whether by increased rhythm or increased contraction, the ventricle 
- invariably manifested the action of a stimulant, which much exceeded 
in importance the similar influence of the drug observed in Vertebrates. 
But, what is more remarkable, the action of the poison on the nerves 
diverged still more from the ordinary paralyzing influence which it 
exercises over the vagus endings. in the Frog. If the nerves were 
injured at all, they were the last to be affected, while all through the 
observations the atropin seemed to pick out the muscle for its field of 
action. 

Atropin in the Cephalopod acts much like digitalin in the Amphi- 
bian, as will be seen from the following description of the consequences 
of adding a small quantity—0'25 m. grm.—of sulphate of atropin to the 
water in the cannula of the ventricle, * Fig. 13 (a). 

If the heart is beating there follows almost immediately an arrest in 
systole, which contracted condition, instead of remaining at the 
ordinary systolic level, gradually increases till the curve far out-tops the 
highest point of the preceding beats and closely resembles the idio- 
muscular contraction obtained by applying digitalin to the Frog’s heart, 
which Luciani has described as produced also by atropin. | 

The same contraction appears when the poison is introduced into an 
empty resting heart. 

The curve rises rapidly to its maximum, remains nearly level for a 
time, and then gradually sinks towards its former level. In one case, 
where the time was taken, twenty minutes elapsed before the former 
level was regained and beats resumed. 

The effect of*atropin then is to excite the heart to a . persistent 
contraction far exceeding the normal systole, and by thus interfering 
with the rhythm to produce standstill. Yet, although this was the 
most usual result of the poison with doses like that mentioned, in some 
instances, instead of the excessive augmentation of contraction over- 
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throwing the rhythm, an increase in rate occurred and was the chief 
effect. In either case however the drug acts as an excitor, and its most 
usual action is to excite to contraction. 

That this contraction is not tetanic but simple and ‘idio-muscular’ 
is evident from the absence of all marks of fusion of the beats any- 
where in the curve, and from the superposition of beats on it under 
certain conditions, In one case the application of the interrupted 
current to the ventricle set up a series of small beats at the high level 
which lasted five minutes. 

This phase of ‘ cardiotonus’ gradually passes away and is succeeded 
_ by a phase of standstill in diastole, or by one in which beats are 
resumed but with less vigour than before. In all cases the heart shows 
a marked exhaustion produced by the long continued contraction ; 
and, if the dose given be large, the irritability may become reduced 
almost to zero, so that stimulation of the quiescent heart with even the 
strongest interrupted currents produces no beats but only a slight 
contraction. 

Thus the most marked effects of atropin on the ventricle of the 
Octopus are the initial exciting and final exhausting actions. 

Both of these effects, though more evident here, have been shown 
to occur in Vertebrata, so that the action of the poison in Cephalopoda 
is not entirely peculiar. 

Thus Gaskell’ found the development of the automatic rhythm in 
a strip of Tortoise ventricle to be quickened by the application of atropin, 
while in a later stage the rhythm is uninfluenced by nervous action or 
direct stimulation; and Von Bezold* noticed that 1 decigram of 
atropin injected into a rabbit caused not only cessation of the heart’s 
beat but also complete loss of irritability of the muscular tissue of - 
that organ, 

The restoration of rhythm after the standstill produced. by such a 
muscle poison as copper, which is said by Sokoloff* to be caused by atro- 
pin, may have been due as urged by Harnack and Hafemann* to the 
concentration of the solution (1 pc.) by which the poison was conveyed, 
and not to a special exciting action of the alkaloid; but the further — 
experiment of Luchsinger’, in which to a few out of a number of Frog’s 


1 Gaskell. Journ. of Phys. Vol. rv. Nos. 2 and 3; p. 112. 

3 V. Bezold. Unters, a. d. physiol. Lab. Wirzburg. Hft. 1. 

30. Sokoloff. Physiol. u. toxicol. Studien am Herzen. Inaug. Dissert. Bern, 1881. 

* HarnackundHafemann. Arch, f. exp. Path. u. Pharm, Bd. xvu. Hft. 3, 4, 
p. 145. 

> Luchsinger. Quoted by Sokoloff, loc. cit. 
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hearts deprived of their sinuses and lying quiescent in salt solution 
atropin was added with the result of beats following in those only, is not 
open to the same objection and appears te be a true case of excitation 
by atropin. The weight of this combined evidence suffices I think to 
overcome the objections of Harnack and Hafemann and others, and 
shows that atropin should be classed with physostigium and digitalin 
as a muscle poison tending to increase contractility and diminish 
irritability, 
‘The difference between its actions in Vertebrata and Cephalopoda 
lies in the fact that in the former it rather tends to increase rhythm and 
in the latter contraction. 

In regard to its action on the cardiac nerves however the Cephalo- 
poda present a striking difference, | 

All writers agree that the first and most marked action of atropin 
on a Frog or a Tortoise is to entirely cut off the influence of the nervous 
inhibitory mechanism, Such is not the case in the Octopus: in all 
stages of atropin poisoning, from the moment of administration of a 
minimal dose to the time when large doses have almost killed the 
heart, there is no trace of a special action on the nerve fibres, Stimula- 
tion of the visceral nerve or direct stimulation of the ventricle when in 
the contracted condition always produces a partial relaxation, and is 
followed either by an increased height in the curve or by the occurrence 
of small beats superposed upon it: both inhibitory and trophic actions 
remain undisturbed. Fig. 13 (b) and (c). And when the second phase, 
that of quiescence in the relaxed state, is reached, stimulation of either 
nerve or ventricle produces the usual result, viz. beats following it. 

- Naturally, as the irritability of the heart declines, this trophic action 

becomes less visible and requires stronger currents to call it forth; but 
this is at any rate in part due to exhaustion of the muscular tissue. _ 

In the later stages of poisoning neither nervous nor other stimuli 
have much effect, so that it is not possible to detect with certainty any 
injurious action on the nerves. It seems probable however that they 
will suffer with the general impairment of irritability. 

Yet this striking fact remains, that any action on the nerves is 
practically nid in comparison with that on the muscles a 
the opposite of what is found in Vertebrata. ? 
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Muscarin. 

No such remarkable variations from its usual action were met with 
in muscarin, a solution of which in sea-water containing 1 m. grm. in 
each cubic centimetre was used. | 

While the results obtained by the introduction of muscarin into the 
cannula of the ventricle presented a general uniformity, there yet 
appeared certain minor variations depending on the vigour of the 
heart and the strength of the dose. Thus, while 1 m. grm, of the poison — 
introduced into the cannula of a vigorously beating ventricle at once 
caused a standstill in diastole (Fig. 14), in another heart a smaller 
quantity caused a gradual reduction in the size of the beats (Fig. 15), 
which were extinguished altogether by the addition of some more of the 
drug, and another with a tendency to form Luciani groups was thrown: 
by 0°5 m., grm. into that rhythm. 

_ Muscarin therefore, in Cephalopoda as in Vertebrata, eee to 
interfere with rhythmical action, producing as its full effect diastolic 
standstill; and the same question arises as to how this inhibition is 
caused,—whether by stimulation of inhibitory nerve fibres or by direct 
injury of the cardiac muscle. First, it is clear that the visceral nerve is 
neither paralyzed nor stimulated to its full extent, for the application of 
the interrupted current to the nerve sets up a nervous action which © 
manifests itself in the way usual with a quiescent heart, viz—a. 
number of beats following stimulation; and direct stimulation of the 
ventricle acts in the same way. | 

If the nerve is at all affected I am inclined to believe that it is 
weakened, inasmuch as direct stimulation of a heart brought to rest by 
muscarin appeared to have more tendency to cause beats during as well 
as after its application than when the heart was quiescent and 
unpoisoned. 

So far the facts do not favour the view of nerve stimulation by 
muscarin, and this is rendered still more improbable by the fact of 
muscarin causing standstill, even when the influence of the viscerals has 
been eliminated by curari. 

In such hearts the standstill is frequently longer in occurring chen 
in the non-curarised heart, but this is explicable when the stimulating 
action which all but small doses of curari exercise on the muscle is 
remembered ; and that the muscarin really acts when the nerve fibres 
are thrown out of play is shown by the failure of visceral stimulation to 
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produce beats, and by the occurrence of regular pulsations during the 
passage of the interrupted current through the heart. 
It becomes then somewhat remarkable that the further addition of a 
moderate or large dose of curari may frequently restore the rhythm 
overthrown by muscarin. Here, it might be said, the removal of | 
inhibitory fibres allows of the resumption of the beats. But in such cases 
it is much more probable that the alternate stoppage and production of 
beats is brought about by the alternate depression and exaltation of the 
muscular activity by the combat of the two poisons; for the first dose of 
curari entirely destroys the power of the nerves, and the muscle is the 
only field then left for the action of the drigs. When the exciting drug 
is in greater quantity it overcomes the depression and starts a rhythm ; 
when the depressing, the weakening of the muscular fibres leads to 
stoppage again. | 
The following example, in which a succession of reversals were 
obtained, may illustrate this point :— 
Octopus. Ventricle beating. 
1 m, grm, muscarin stops beats immediately. 
0°5 c.c. sea-water fails to restore rhythm. 
0°5 c.c, curari restores rhythm. 
Two doses of 1 m. grm. each of muscarin again stops beats. 
{ 0:5 c.c, water fails to restore them. 
0:5 c.c. curari restores them. 
2: m. grm. muscarin again stops beats. 
0-5 c.c. curari restores them. 


Since atropin does not destroy the power of the nerve, its employ- 
ment with muscarin is not of the same value as in Vertebrata; and 
since its rhythm-causing powers are here relatively slight, it is not to be 
expected that it will act as an antidote to muscarin in Kes epee in 
the Frog. 

The usual result of giving atropin to a heart stopped by muscarin is 
to produce an idio-muscular contraction like that of the freshly atro- 
pinized heart, but less in extent and weaker, apparently owing to 
an enfeeblement of the muscle induced by muscarin. Yet in one or two 
cases the atropin caused restoration of esis instead of this con- 
traction. 

If the exhaustion caused by the muscarin be great, srithes curari 


nor atropin has any effect, and even strong stimulations have little 
influence. 
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From the power of muscarin to inhibit after curari, and from its 
- evidently deleterious action on the muscle, it may be fairly concluded 
that this inhibition is produced by depression of the irritability and 
rhythmical activity of the cardiac muscle, and not by excitation of 
inhibitory nerves. If indeed the latter view were true we should ~ 
expect that when a large dose of curari was given during a muscarin — 
standstill there would be an immediate resumption of beats, by reason 
both of the long nerve stimulation’ and of the exciting nature of 
the curari, superior both in rate and strength to those preceding — 
standstill, But of such trophic action of the visceral nerve during the 
inhibition no trace is shown by the succeeding contractions, which 
begin feebly and slowly and only gradually work up to a regular 
thythm, which hardly ever equals in strength that preceding the giving 
of the muscarin. 

The conclusion here formed, though differing from the older theories 
of the action of muscarin in the vertebrate heart, is in accord with the 
results of several recent researches. _ 

Thus Gaskell' noted a marked diminution in the force of the 
artificial contractions in a strip of Tortoise ventricle after muscarin was 
added as well as a reduction in the conduction power: Jordan’ found a 
dose of 2 m. grms, to cause standstill of the Frog’s heart after the vagus 
had been paralyzed by a minimal dose of atropin: and, according to 
Léwitt’, vagus stimulation in the Frog during a standstill produced by 
a weak dose of muscarin excites to rhythm; strong doses of curari do 
- away with muscarin standstill; and yet muscarin can stop the beats 
after curari has rendered inhibition either by vagus or sinus stimulation 
impossible. These last results present a remarkable similarity to those 
obtained from the Octopus, and suggest a similar action in the two 
cases. 

It seems probable therefore that muscarin should be ranked among 
muscle injuring poisons, both in Vertebrata and Cephalopoda. — 

And, in considering as a whole the results of this study of the action 
of drugs, we do not find that they bring to light in the Cephalopod any 
special ganglionic motor or inhibitory mechanisms, or that they support 
the hypothesis of the existence of such in the Amphibian ; but, on the 
contrary, that all the phenomena are capable of explanation on the 
views of rhythm and inhibition here put forward. 


1 Gaskell, Journ. of Phys. Vol. tv. Nos. 2 and 3, p. 113, 
Seth N. Jordan. Arch. f. exp. Path. u. Pharm, 1878. 
* Liwit. Pfliiger’s Archiv, Bd. xxvim. 1882. 
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The action of strong interrupted currents. ) 
_ So far, in experiments of direct stimulation of the ventricle, only 
weak or moderate currents have been mentioned; but it will be worth 
dwelling for a moment on the action of stronger currents on the 
ventricle in various conditions. It has been already shown that the 
interrupted current causes the occurrence of beats during and for a 
short time after its passage in the resting curarised ventricle; but, 
under conditions in which the heart’s irritability has been much 
reduced, it will respond only to strong currents, and then with a more 
or less regular rhythm which does not last longer than the current 
(Fig. 16). The rhythm thus produced resembles that called forth in the 
Frog’s ventricle by the action of a strong constant current. 

The application of a very strong interrupted current to a beating 
curarised ventricle produces an effect somewhat similar to that on 
a non-curarised heart—i.e. a kind of inhibition. In the normal heart 
the stimulation of the nerve endings tends to inhibit, but the strength 
of the current acting on the muscle causes a secondary contraction and 
rhythm to take the place of the normal pulsations; and almost precisely 
the same effect is produced in a heart poisoned by curari. [Compare 
Fig. 17 (a) and Fig. 18] Clearly, in both cases, the stoppage of 
the normal rhythm is due to the substitution of a certain complex | 
contracted state caused by the strong stimulation of the cardiac muscle, 
and is not a true nervous inhibition. The natural rhythm with slight 
tone and strong beats at a moderate rate, is changed into an artificial 
one with high tone and very rapid small beats. : 

The nature of the contracted state thus produced demands further 
enquiry. 

It has long been a favourite dictum with physiologists that “the 
heart knows no tetanus,” and although attempts have been made 
to prove the tetanic nature of various persistent contractions observed 
they have not met with success. 

On the other hand Kronecker’ has pointed out that many so- 
called tetanic contractions are really simple and idio-muscular, while 
others consist of a rapid flickering (Herz. Delirium) which he does not 
admit as a true tetanus. — 


1 Kronecker and Stirling. ‘“D. characteristische Merkmal d. Herzbewegung.” 
Beit. zu. Anat. u. Phys. 1874, 
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And Dastre and Morat’ argue against Marey’ that the absence of a 
toothed curve preceding the centracted state, and the small height of 
such a contraction, disprove its tetanic nature. 

In the Octopus we have already had a clear case of idio-muscular 
contraction, or cardiotonus, in the curve produced by atropin; and 
perhaps the tracing given in Fig. 18 can hardly be termed we, Jia 
but a flickering. 

But the two curves of Fig. 17 are worthy of closer inspection. In 
(a) we have a contraction curve remaining at a nearly constant height, 
upon which is superposed a number of very small rapid beats. Complete 
regularity does not obtain, but is not to be expected on account of the 
imperfections of the induction coil. | 

It is true that the contractions are less frequent than the interrup- 
tions of the coil, but this difference diminishes in the next curve (b), 
where a stronger current was used, and in which the beats follow each 
other so rapidly as hardly to be distinguished by the eye. And a still 
better example of a persistent contraction compounded of a number of 
regular small contractions is given in Fig. 21, where a highly irritable 
curarised resting ventricle was stimulated with a moderately strong 
current interrupted a hundred times a minute, With one or two 
exceptions, where natural beats burst out, the whole curve presents 
a regular series of contractions superposed one on the other and 
corresponding in number to every two shocks. 

The tracings of Fig. 17 show that as the strength of the current 
increases so do the pulsations more nearly equal in number the inter- 
ruptions of the coil or fuse. Since the irritability of the muscle is 
greatest when the current is first thrown in, and rapidly decreases, it is 
not to be expected that if the summits of separate contractions are 
to be distinguished in the curve they will be so at the beginning rather 
than later, but that, as the irritability declines, a heart which before 
could respond with a beat to every shock will now do so only to every 
two or more. And this is what happens. When the current is applied 
for some time, what is at first a continuous or nearly continuous curve 
breaks up into waves which gradually become slower and larger till at 
last a nearly normal rhythm may occur (Fig. 19) or, if a flickering be 
at first produced, it slackens into a slower rhythm, as the heart in 
Fig. 18 is beginning to do at the end. 

Transition stages between a simple make and break beat to a 


1 Dastreet Morat, Comptes Rendus, T. 89, 1879. pp. 177 and 370, 
2 Marey. Comptes Rendus. T. 89, 1879. p. 203. 
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rhythm continuing all through the stimulation, and thence to one 
in which the beats succeed each other so rapidly as not to allow 
of complete relaxation and therefore cause a continued contraction, are 
given in Fig. 20 (a,b, c, d). 
It will be noticed in (c) and (d) that the persistent contraction does 
not reach the height of the making and breaking beats; and this fact 
_ has been made use of in arguing against the tetanic nature of such 
contractions, inasmuch as with skeletal muscles the curve does not 
reach its maximum at once. ; 

But this does not seem sufficient proof, and it is rather to be 
expected that the abnormal artificial series of contractions produced by 
the rapidly interrupted current should not possess the same amplitude 
as the normal beat called forth by the initial shock. 

‘The difficulty which the heart experiences in responding to every 
one of quickly succeeding shocks is due to the slow rate at which 
its recovery of excitability takes place when a contraction is caused ; 
but, as Marey pointed out in the Frog, the stronger the stimulus the 
shorter becomes the phase of inexcitability, and, as will be seen below, 
the ventricle of the Octopus in its behaviour to single induction shocks 
follows exactly the law of periodic inexcitability diseovered by Marey in 
the Frog. This explains how it is that strong currents can cause such 
an extremely rapid succession of beats that they fuse nearly or entirely, 
while weaker ones of the same frequency of interruption usually cause 
a slight acceleration in the rhythm of a beating heart or a series of slow 
pulsations in one at rest. | 

There is thus no theoretical reason why tetanus should not occur 
with cardiac muscle, and as the contractions figured are neither simple 
nor mere flickerings, but vary regularly with the stimuli, they must be 
considered as tetanic. 

The striated muscle of the cephalopod heart is thus capable of being 
thrown into tetanus, although less readily and less perfectly than. 1 isan 
ordinary skeletal muscle of a vertebrate. 

And there seems no reason why a Frog’s ventricle also should 
not be thrown into a similar or even more perfect tetanus by means of a 
carefully graduated series of induction shocks. 


The action of single induction shocks. 
Some observations of Dew-Smith’ on the effects of single induction 


shocks on the pulsating ventricle of Sepia led to no definite result 
Loe, cit. 
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beyond the fact that sometimes a contraction, sometimes a more or less 
distinct inhibition, was produced. In Sepia as in the Snail, no special 
influence was observed to be exercised by the phase of the cardiac cycle — 
in which the shock was applied; as indeed was hardly possible by the 
method employed. — 

The application of the graphic method to the Octopus’ ventricle has 
however produced more detailed results, which bring the behaviour of 
the molluscan heart into nearer relationship to that of the vertebrate. 

Opening shocks only were used throughout the experiments, each 
such shock being marked in the tracings by the down line on the left. 

- The following are the results of applying such shocks to the 
pulsating ventricle at different phases of the cardiac cycle. 

As the strength of the shocks is gradually increased from being non- 
effective to the effective strength, there is not observed a corresponding 
gradual commencement of effect, but the shocks become effective 
suddenly and strongly. 

Thus, in the heart from which Fig. 22 is taken, the index of the 
secondary coil was moved gradually from 10 c. to 5 c. without any effect, 
while at 4 c. the action is marked and strong. 

Further, when such an effective stimulus is reached, it is not 
perceived in all phases. There is a refractory period, which, as will be 
seen by a reference to Fig. 22. (a, b, c’, f’), lasts from the beginning to 
the end of systole. 

During this period neither eutinetlin nor inhibition is produced : -— 
the heart muscle is inexcitable. 

But the same shock falling into the ventricle just after the systolic 
point is reached (c) causes the next diastolic period to be somewhat in- 
creased; and the distance between the top of that contraction and that of 
the next natural beat becomes greater as the stimulus is applied later in 
the phase of relaxation and nearer to the moment when the next systole 
begins. Thus the interval between the summit of the pulsations i is 
greater in (d), where the shock was thrown in rather later in the 
relaxing phase; and it is still greater in (e), where almost complete 
relaxation had occurred. But here a further effect is visible; a slight 
contraction is caused by the shock. In (/) the interval is still greater, 
and the induced contraction also more marked; and in (g) where the 
shock is applied in the middle of diastole a contraction is called forth 
nearly equal to the natural ones, and the interval between the preceding 
and succeeding beats is nearly equal to that between three normal 
beats. 
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But even before a distinct contraction effect is produced as in (e), a 
closer inspection of (d) shows that here the relaxation is slower than the 
normal,—the contraction is slightly prolonged. 

These effects are shown yet more clearly in Fig. 23; but here, since 
the shocks are stronger, the inexcitability of the refiactory gree is no 
longer complete. 

Thus, shocks sent in during systole (b, ¢, g) slightly increase the 
force of the beat, and cause a just perceptible lengthening of the 
succeeding diastole, 

The various stages between the simple retardation of relaxation and 
the superposition of an artificial contraction are seen in (e, i, f, d); and 
the increase of this contraction as the shock is applied later in diastole, 
till it approximates closely to a natural beat, is illustrated in (a, j, A). 

The effects of minimal stimuli thus increase gradually from zero 
to a maximum as the moment of application falls later in the cardiac 
cycle, 

Thrown in at any time uur the systolic period, a shock is with- 
out effect ;—the heart muscle is inexcitable. : 

At the commencement of relaxation a slight increase in excitability 
occurs ; the contraction is lengthened by the shock, and is followed by a — 
longer diastolic pause. Both of these effects are more marked as the 
shock is applied later in the relaxing period; and when the heart is 
almost completely relaxed, the lengthening of its contracted state is 
changed into the superposition of a small contraction. 

When complete diastole is attained the induced contraction is 
larger, and the later in diastole the shock is applied the 1 more nearly 
does the beat reach the normal strength. 

Excitability thus increases part passu with the interval from the 
summit of systole, and is greatest just befure the next commencing 
systole. 

None of the artificial beats equal in height the natural ones, for the 
shortening of the proper diastolic rest impedes the proper formation of 
the beat. The diastole succeeding a contraction induced during com- 
plete diastole is of the normal length ;.so that the distance between the 
summits of the preceding and succeeding natural beats is always less 
than that between three undisturbed natural beats. Thus a form of 
acceleration is produced. 

The succeeding diastole is however increased when the induced 
contraction occurs before complete relaxation sets in; so that here an 
‘inhibitory’ effect begins. The ‘inhibition’ is most marked when the 
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shock is applied about the middle of relaxation, because then no beat is 
superposed ; and it diminishes as the moment of application goes back 
towards systole. But no ‘inhibition’ can be detected when the form of 
the relaxation curve is not altered: increased rest only follows increased 
contraction; and during the refractory period, where contraction is 
unaffected, no trace of ‘inhibition’ can be produced. 

With maximal stimuli, by which the inexcitability of the systolic 
period is partly overcome, we get at once alteration in contraction and 
an appearance of inhibition. Both the amplitude and length of the 
contraction wave are slightly increased, and in consequence the 
succeeding diastolic pause is prolonged. A single induction shock thus 
always tends to cause contraction, but it is a property of the heart 
muscle after a stronger or longer or added contraction to make a longer 
pause before it gives forth the next beat :—there is a compensatory 
rest. 

But this compensation is never so perfect as to make the distance 
_ between the preceding and succeeding beat double that between two 
normal beats. 

Herein it differs from the so-called compensatory rest produced in 
the Frog’s ventricle by a shock applied during the refractory period, 
which is a perfect compensation ; and it also differs from this in not 
appearing unless contraction is visibly affected, whereas according to 
Dastre’ it appears in the Frog’s ventricle when a sufficient stimulus is 
applied during the refractory period, although no change is effected i in 
the contraction. | 

This author finds also that it does not occur in the apex of the | 
ventricle, and therefore concludes that it is a function of the cardiac 
ganglia and not a true compensatory rest of muscle. 

This cannot however be the case in the Octopus, for not only are 
ganglia absent, but the same phenomena occur in a curarised ventricle, 
as in Fig. 23. The same lengthening of the succeeding diastole was 
noticed by Brunton and Cash’ in the Frog on application of a maximal 
stimulus at the commencement of the ventricular systole; and they did 
not note an increase in the height of the systole such as is apparent in 
my curves, 

Careful inspection however of the only figure which they give, 
(Fig. 3, b,) shows a slight increase in the height of the contraction over 


1 A. Dastre. Journal de l’Anatomie et de la Physiologie. T. 18, 1882. p. 433. 
* Brunton and Cash. Proc. Roy. Soc. Vol. xxxv. No, 227, 1883. 
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the preceding one, and gives rise to the suspicion that in this case, as 
in the Octopus, the longer rest may be due to increased contraction. 

The action of single induction shocks on the _— Octopus’ 
ventricle may thus be summed up :-— 

A maximal stimulus always produces or increases contraction. When 
it falls on a period of rest, and therefore produces a contraction, no 
inhibition follows, but when it falls on a heart already in the contracted 
condition it increases that contraction and induces a compensatory rest 
or ‘inhibition’. 

A minimal stimulus acts in exactly the same way, except that in the 
refractory period lasting from the commencement to the end of systole 
it is ineffective. | 

The irritability of the heart is least during the period of systolic rise, 
increases as relaxation proceeds, and is greatest at the end of diastole. 

The first fact which is apparent when the effect of single induction 
shocks on the resting ventricle is studied is the truth of the law of 
Bowditch that minimal stimuli are at the same time maximal. 

The most gradual increments in current strength produce no effect 
till a sufficient stimulus is reached, when a regular beat is called forth 
in its full strength (Fig. 24); and a further increase of the current does 
not cause greater contractions. Indeed, if a succession of stronger 
shocks be thrown in at moderate intervals ({—} minute), each suc- 
ceeding beat is usually weaker than its predecessor, probably owing to 
exhaustion of the muscle. 

The single induction shock acts therefore as a stimulus to call forth 
a natural beat, but cannot influence its strength. 

A certain influence however the strength of the current has, although 
it is not manifested by variations in contraction force. 

For, instead of one contraction, a strong shock may call forth a series 
which on the whole increases in length with the strength of the 
stimulus. 

Thus, in Fig. 25, the minimal stimulus, with the index of the coil at 
7c., produced a single strong beat; the coil at 6c. caused another 
slightly weaker, but at 5c. it called forth two, at. 4c. three, and 
at 3c. five’. 

1 That this inerease in the number of beats with the stronger shocks is not due to an 
increase in the excitability of the heart caused by. the first. stimulations is seen from the 
fact that a shock from the coil at 8 c.,—only 1 c. beyond the first effective stimulus—sent 
in after the shock at 5 c., was still unable to cause a contraction. 


Which the stimulations at 5 4c. were due to an 
accidental mechanical shock. 
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From this we may infer that the single induction shock does not 

merely act on the heart as on an ordinary muscle and excite to con- 

traction, but that it acts as a stimulus causing an outburst of the heart’s 
normal activity—rhythmical action. — 

One of the most characteristic effects of a series of single induction 

shocks sent at definite intervals into cardiac muscle is said to be the 
‘staircase’ of beats which is then produced; but this I have tried in 
vain to obtain in the Octopus. Instead of the excitability of the heart 
being increased by an artificially produced beat, it seemed to be rather 
diminished, so that the second contraction was often less and never 
greater than the first. And the ease with which the heart muscle was 
fatigued was noticed throughout my experiments. 

Similarly, when shocks just below the minimal effective were sent 
through in series, they failed to produce beats just as when applied 
singly; and therefore in this case also there was no increase of 
excitability caused by the shocks or summation of stimuli. Thus, in 
a case where the coil at 6c. supplied a single shock that was the © 
minimal effective, the coil was moved to 6°5c. and a succession of 
opening shocks sent in at intervals of 4, minute (Fig. 26), but entirely 
without effect. Pushing the coil again to 6c. and sending in a similar 
series at once called forth a rhythm in which one beat occurred to every 
second shock. On increasing still more the strength of the shocks 
of such a series, the contractions become equal in number to the 
stimuli; and the same is seen in the beating heart, For example, in 
Fig. 27, shocks from the coil at 10c. sent in at twice the rate of — 
the rhythm produce no effect, while an increase to 9c. or 5c. doubles 
the rate of rhythm and causes the beats to synchronize with the 
shocks. With the coil at 5c,a beat occurs to every shock, even when 
they are thrown in at the rate of 50 a minute. 

In this last case the tracing resembles those before obtained from 
the interrupted current, inasmuch as it presents a series of contractions — 


succeeding each other too rapidly to permit of relaxation, and equal in ‘4 


number with the stimuli that cause them. The curve in fact is a 
curve of tetanus. 

The facts here set forth do not support the views arrived at by 
Foster and Dew-Smith as the result of their observations of the 
influence of single induction shocks on the Snail’s heart. 

They come to the conclusion that the action of a single induction — 
shock below the strength needful to produce contraction is in the 
direction of inhibition; and they found that, although the inhibitory 
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effect. is with difficulty observed when a single shock is used, yet it 
becomes evident when two such shocks fall within a cardiac cycle. 

In my experiments however a prolongation of diastole which may be 
spoken of as “inhibition” has been demonstrated with a single shock, 
but only when this shock at the same time produced an alteration 
in the contraction wave. Both effects were seen more markedly when 
both the breaking and the making shocks were allowed to fall into the 
heart during the phase of relaxation ;—the contraction wave was still 
more prolonged and the succeeding diastole still more increased. 

But these effects of strong single induction shocks are totally 
different from those of the weak interrupted current, by which no 
modification or increase of the contraction wave is produced but merely 
an absolute cessation of beats. The compensatory rest that follows 
a contraction prolonged by an induction shock, whether the heart be 
curarised or not, is absolutely different from the simple stoppage 
of contraction produced by a much weaker interrupted current only in 
a heart in which the nerves are intact. 

To sum up; the results obtained from the study of single induction 
shocks cannot be considered to bring any evidence in favour of the view 
that the interrupted current has a direct inhibitory action on the 
cardiac muscle itself. | 


The law of Du Bois Reymond that variations in intensity of 
a current. form stimuli, with the corrections and extensions added 
thereto by Pfliiger and others, has by many observers been found 
to apply to rhythmically contractile muscle, both smooth and striated. 

Thus Engelmann in the ureter observed making contractions 
to proceed from the kathode, and breaking from the anode; while 
Foster and Dew-Smith found the same in the heart of the Snail and 
the lower two-thirds of the Frog’s ventricle. Again, Eckhardt and 
others have described a series of rhythmical contractions as occurring 
during the passage of a constant current through the apex of the Frog’s 
ventricle :—a phenomenon closely comparable to the making tetanus 
caused by the application of the constant current to a motor-nerve 
or its muscle and described by Pfliiger, V. Frey and others. The 
occasional resolution of such a tetanus into a series of rhythmical 
pulsations, noticed by Biedermann, brings the two sales into 
still closer resemblance. 
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Although in the Octopus the shape of the ventricle is such as 


to render difficult the observation. of the origin and passage of a 
contraction wave, yet the results obtained from the constant current 
acting on the heart at rest are entirely in harmony with these — 
mentioned. 


The fact which forms a clue to the interpretation of the results 


| is the greater ease with which a beat can be evoked by the application 


_ of a stimulus to the auricular end of the ventricle than by exciting the 


aortic region’. 

With currents weak in relation to the irritability of the heart, an 
ascending (aortic to auricular end) current caused a beat at the make, 
and a descending (auricular to aortic end) at the break ; which, assuming 
that the stimulus acts only at the more irritable auricular end, means a 
kathodic making and an anodic breaking beat. _ 

An increase in strength may cause both currents to produce a make 
and break beat ; or, if the heart be in good condition, a make and break 
beat is caused by the descending current alone, while the ascending 
sets up a series of pulsations at the make which may or may not last as 
long as the current. In the latter case there is no breaking beat (Fig. 28). 
In some cases, however, the application of a strong descending current 
caused no making beat, but a series of pulsations at break (Fig: 29). 
But here there was a slight persistent and increasing contraction during 
the passage of the current; and this also occurred usually when the 
descending current caused a make and break beat (Fig. 28, c). By 
this feature it was often possible to tell by which current a make and 
break beat had been caused, as during the passage of the ascending 
current the ventricle usually remained completely relaxed. But as 


the irritability of the heart decreased and exhaustion set in, this effect 


of the descending current increased and the ascending also shared in it ; 
so that with exhausted hearts this persistent idio-muscular contraction 
was the most marked effect of either current. {Fig.: 30). Together 
with its greater tendency to produce this contraction, the descending 
current showed a markedly greater exhausting influence. This is well 
shown in Fig. 28 (b) (c) where an ascending current of two Groves was at 


1 The current was applied by means of non-polarisable brush electrodes, and varied in 


strength from that supplied by one Daniell cell to that of five Groves. The strengths of 
the stimuli, however, in different experiments cannot be measured by the number of cells 
used, owing to the great variations in irritability between the different ventricles, and 
even in-the same ventricle during the course of an experiment with the constant current. 
Thus in one case a Grove might produce less effect than a Daniell in another. 
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first able to produce a regular rhythm synchronous with itself, but after 
the passage of an equal descending current could only cause a make 
and break beat. In no case did I obtain an ordinary rhythm during 
the passage of the descending current, but in one or two instances a few 
irregular contractions were superposed on the persistent contraction. 

It is somewhat remarkable that in a few instances a strong 
ascending current did not call forth a series of beats during its passage, 
but only a single making contraction, while it was followed by a series 
after break. The explanation of this occurrence is not easy, but I would 
suggest that it may be due to a stimulation of the entering visceral 
nerve at the kathode, so that the increased irritability of the heart 
enables it to respond to the stimulus accompanying the fall of anelectro- 
tonus with more than the usual single breaking contraction (Fig. 31). 
In support of this view it may be mentioned that the heart from 
which Fig. 31 is taken retained its irritability longer than usual, 
although the very strong current of five Groves was used in each 
application of the current.. That such a current should not soon 
seriously injure the heart looks as if the latter’s irritability were from 
time to time renewed by some such means as the trophic influence 
of the visceral nerve. 

The main results of these experiments are ‘itil kathodie making 
and anodic breaking stimulus; the rhythm-causing action of the strong 
ascending current ;—the contraction-cansing and injurious influence of | 
the strong descending current, and the tendency of the ascending 
current to cause contraction when irritability is lowered. 

The action of the constant current on the pulsating hearts of the 
Snail and the Frog has been found to be chiefly inhibitory in nature. 
Such is also the case with the Octopus. And, as in the Snail, 
difference is observable in the action according as the current is 
ascending or descending. : 

__. In the Octopus inhibition of rhythm is most easily sede by an 
ascending current; but the descending is not without a similar in- 
fluence. 

The peculiar shape of the ventricle of the Octopus with its two 
auricles renders however the interpretation of results more difficult than 
in the simpler ventricle and auricle of the Snail; for it is quite possible 
that one auriculo-ventricular ring might be in a condition of anelectro- 
tonus while the other was more or less katelectrotonic. This would be 
the case if the kathode were placed near the origin of the great aorta 
instead of near the genital artery. In this case the kathodic influence 
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if strong would spread to the right auricular ring, and thus throw it 
into the opposite condition to the left auricular junction on which the 
anode is placed. The difficulty of placing the electrodes always on 
exactly the same spots in the suspended ventricle will account for some 

of the variations observed in the curves; as for instance, when in a few 
cases the strongest current in either direction failed to inhibit. But, in 
spite of a certain number of exceptions, probably due to the causes 
mentioned, the results obtained on the whole agree well among them- 

selves and with those produced by the action of the constant current on 
the heart at rest. 

The predominant action of the descending current is still to cause a 
small persistent contraction. This naturally interferes with the rhythm, 
and’ slackening and sometimes also diminishing the strength of the 
contractions produces a kind of inhibition (Fig. 32). Occasionally, how- 
ever, a distinct reduction of the strength of the beats may be seen with- 
out any marked persistent contraction (Fig. 33, D), and very rarely I 
obtained a complete inhibition (Fig. 35, D). 

The ascending current on the other hand with ease and frequently 
produces a total inhibition resembling that due to the action of the 
visceral nerve ; and this resemblance is carried even to the presence of . 
a subsequent improvement in rhythm manifesting trophic action 
(Fig. 34). If complete inhibition be not produced, the contractions 
are reduced in strength without the causation of any persistent contrac- 
tion; and it is only rarely, and usually after repeated applications of 
the current, that the ascending causes that contraction which is so 
characteristic of the descending current. 

A slight persistent contraction accompanying inhibition produced by 
the ascending current may be compared with the much greater one 
with partial inhibition caused by the descending current in Fig. 32. 
And when the descending current merely reduces the force of the 
contractions, the ascending may cause total ordinary inhibition (Fig. 33). 

The two currents thus present marked differences in action. - 

The throwing into anelectrotonus of the region of the ventricle 
(auricular junction) from which contractions normally start may depress 
or even annihilate the force of those contractions ; but this obliteration 
of the normal contractions is usually accompanied by another contraction, 
less in strength, but persistent, probably due to the stimulus of the 
kathode near the genital artery. Frequently this stimulating effect of 
the descending current is more marked than the inhibitory. But in all 
cases the current proved very deleterious to the irritability of the 
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heart; after total inhibition no trophic action was visible (Fig. 35, D), 
and occasionally the beats ceased altogether soon after the passage of 
the current. 

When the kathode was at the auricular end of the ventricle, com- 
plete diastolic inhibition, followed by an improved after-rhythm, was 
easily obtained; and yet here the starting place of the rhythmical 
contractions was thrown into a condition of katelectrotonus, and its 
irritability therefore presumably heightened. The current which best 
set up a rhythm in the resting heart proved most powerful in over- 
throwing spontaneous pulsations, 

Now it has been shewn by Biedermann’ in the ventricles of the 
Snail and Frog, that the throwing any spot of contracted cardiac 
muscle into a condition of anelectrotonus produces a relaxation localized 
to the anelectrotonic region. As the strength of current increases so 
does the area thrown into diastole; but the relaxation always begins at 
the point of application of the anode, so that he speaks of a wave of 
relaxation as spreading over the ventricle from that point. With a 
sufficiently strong current the relaxation may be total, thus producing | 
that inhibition previously observed and similarly explained by Foster 
and Dew-Smith’ in their examination of the action of the constant 
current on the heart of the Snail, This total inhibition was most easily 
obtained when the current was descending—i.e. when the auricular end 
was thrown into anelectrotonus. This was naturally explained by 
Foster and Dew-Smith by assuming the greater importance for 
rhythm of that end of the ventricle from which the contractions have 
since the formation of that organ normally proceeded. 

And there seems no reason why this explanation should not serve 
for the inhibitory effects produced by the descending current on the 
ventricle of the Octopus. But it appears contradictory to, and at any 
rate leaves wnense untouched, the standstill produced by the se 
current, 

It cannot be supposed that the application of a kathode to the most 
rhythmically contractile region of the heart would produce standstill in 
the same way as the application of an anode. And as a matter of fact 
differences are seen, the most remarkable of which is the greater ease 
and completeness with which inhibition eeompniet the causation of 
katelectrotonus in that region. 

The difficulties which thus arise if we consider only the action of the 


1 Loe. cit, | 2 Loe. cit. 
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current on the cardiac muscle, may I believe be overcome if account be 
also taken of the inhibitory nerves. The application of the kathode to — 
the spot at which the visceral nerve enters is the readiest way of 
procuring inhibition by the constant current. 

Attention has already been drawn to the resemblance of the curve 
thus obtained with that got by ordinary visceral stimulation; and I 
know of no reasons why we should not allow an inhibitory nerve to be 
acted on by a constant current. Tetanus in a muscle may accompany 
the passage of a constant current through its motor nerve; and I shall 
later in this paper bring forward evidence to shew that an inhibitory 
nerve may be similarly continuously acted on. In some of the 
experiments made on the ventricle of Octopus, the electrode at the 
auricular end must have been nearer to the entrance of the nerve than 
in others ; in some it may have been just over the nerve, in others the 
whole diameter of that ring of tissue may have intervened. In the 
former case total inhibition by the ascending current ought to be easy, 
in the latter less so. But in the latter the effects on the muscle itself 
ought to appear more markedly. The assumption of this latter 
arrangement explains exceedingly well the curves of Fig. 35. The 
descending current produces total inhibition by throwing the muscular 
tissue into anelectrotonus; but- the ascending current, only able to 
produce partial katelectotronus of the nerve, can merely slightly reduce 
the force of the beats during its passage. The rebound however into 
anelectrotonus that occurs on its break is accompanied by a period of 
inhibition due to depression of the muscular irritability. This breaking 
kathodic inhibition was also noticed by Biedermann in the Snail and 
Frog. 

The constant current then may according to the view here put 
forward produce inhibition in two ways :—either by a depression of the 
muscular irritability connected with the anelectrotonic condition ; or by 
a stimulation of inhibitory nerve fibres which accompanies kkatclectro- 
tonus. 

The point will be returned to again in the examination of the 
Snail’s heart. Leaving the summary of the results obtained from the 
Octopus till later, I now proceed to an account of observations on some 
other Invertebrata. 
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GASTEROPODA. 


Heteropoda. 


Pterotrachea. The auricle and ventricle of Pterotrachea, or either 
separately, will continue to perform rhythmical pulsations after they have 
been removed from the body and placed in a watch-glass containing sea- 
water or the animal’s own blood. Here also, as in other Molluscs, the 
slight degree of mutual influence of the auricle and ventricle is apparent : 
—either beats well alone, they often beat with separate rhythms, and one 
is often still while the other pulsates regularly. A distinct difference of 
structure is observable between the auricle and ventricle. Although in 
both the muscular fibres present transverse striations—more marked 
however in the auricle—the arrangemént of these fibres is not the same 
in the two organs. In the auricle they are collected into bundles 
which form an open meshwork of muscle columns through a delicate 
connective tissue basis and produce the familiar spongy appearance of 
an auricular wall; but the fibres of the ventricle are packed side by side 
to form a continuous muscular sheath and present no bars of meshwork 
within its cavity. Herein the ventricle differs from the type met with 
in Cephalopoda and Heliz, where a close meshwork occurs, and resembles 
that of the Tunicate heart. The transverse striation of the ventricular 
fibres breaks down readily in specimens not well preserved, giving 
place to an irregular disposition of large granules. The thinness of the 
walls and delicacy of this heart facilitates histological investigation and 
the search for ganglion cells. Numerous microscopical examinations 
were therefore made, many of them of hearts which had pulsated out of 
the body through the course of a series of experiments; but~no 
ganglion cells were found in any specimen examined. Two kinds of 
elements however occur which might be mistaken for nerve cells, and 
which I believe have been taken for such in other Molluscs. 

The first of these are large, moderately granular, often roundish or 
oval cells, with a not very distinct oval nucleus placed near the periphery 
of the cell, and in which a nucleolus is sometimes visible. A distinct 
capsule is not present. These cells occur in great abundance on the 
walls of the rhythmically contractile kidney, and a few are usually to be 
found in the auricle’. I have not observed them in the ventricle. Al- 

1 Although in teased preparations of auricle these cells were often found, I am 
inclined to doubt whether they occur normally in the auricle itself, and to think that in 
these cases they have appeared from adhering fragments of the closely connected kidney, 
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though the approximately oval form (Fig. 3 (a) Pl. VIL.) is perhaps the com- 
monest shape, yet it is by no means constant. In many cells short blunt pro- 
cesses or pseudo-podia are seen (b) which suggest the power of amoeboid 
movement, and occasionally a single such process may occur, causing some 
resemblance to a ganglion cell with the stump of a nerve fibre. The 
number and variations of the processes however oppose this idea, and a 
comparison of such a cell with a true ganglion cell (Fig. 4) at once shews 
a number of differences in appearance. Further these cells are never 
found in connection by fibres with either nerve or muscle, and are shewn 
to be very loosely applied to the tissues by the fact that in teased prepa- 
rations large numbers of them become entirely detached and float like 
the blood corpuscles in the fluid in which they are mounted. Lastly, 
they occur not only in the parts mentioned, but in the connective tissue 
all over the body, as is well seen in preparations of the cutis, where 
they (Fig. 5) abound. These facts point to the conclusion that they are 
wandering connective tissue cells ; and we may almost certainly identify 
them with the “plasma cells” which have been shewn by Brock’ to be 
so characteristic of the connective tissue of some other Molluscs (A plysi- 
adae, Pulmonatae). 

These plasma cells, which appear to occur generally throughout the 
Mollusca, might easily be considered nervous by an observer expecting 
to find ganglion cells in the heart, and I believe that they have been a 
great source of deception to molluscan histologists, Thus Bela Haller’, 
in a figure of the auricle of Fisswrella, represents the muscle bundles as 
covered with round yellowish cells occurring in the greatest profusion, 
which he considers to be ganglion cells, but which present the strongest 
resemblance to plasma cells. It is noteworthy that he figures in the 
auricle only muscle and nerve: while connective tissue is absent. In 
all molluscan auricles examined by me the connective tissue has been 
remarkable for its abundance. 

The existence of plasma cells in other animals will be returned to as 
each form is discussed. 


which owing to the transparency of the tissues it is difficult to cut clearly off at the 
boundary. In preparations where the auricle was cut through at a distance from the 
kidney no such cells were found. At the same time it is possible that they may 
occasionally wander from the kidney to the auricle. They are also found in the 
pericardial wall, 

1J, Brock. “ Untersuch, ii. d. interstitiellen Bindesubstanz der Mollusken.” Zeit. 
f. Wiss. Zool. Bd. 39. 1883, 

Bela Haller. ‘‘Untersuch, ii. marine ” Gegenbaur’s Morph. 
Jahrbuch, 1888. 
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The second form of element which might be considered nervous is of 
much smaller size and more delicate structure. These cells again I 
found only where connective tissue was abundant. They are granular 
branched cells with a usually indistinct. nucleus. Occasionally the 
branches may be reduced to two, and there then appears some resem- 
blance to a small bipolar ganglion cell (Fig. 6 (a)). These cells however 
are nothing more than the ordinary connective tissue cells, which give 
off. processes to form fibres and are found everywhere throughout the 
connective tissue (Fig. 6 (b)). A comparison of the two figures makes 
plain the identity of those of the heart with those of the cutis, These 
also are described and figured by Brock in the connective tissue of 
Aplysia as stellate connective tissue cells, and very similar cells by 
Haller as occurring in small quantity in the auricle of Fissurella and 
as forming a second type of ganglion cell. 

Undoubted nerve fibres may be found in the kidney and pericardium 
of Pterotrachea, but I have not been able to detect any in the heart 
itself. If however nerves do enter the heart, the physiological experi- 
ments to be now mentioned shew no trace of an inhibitory nerve uke 
that of the Octopus. 

When the auricle and ventricle, or ventricle alone, was prepared in the 
manner above described, the interrupted current was applied by means of 
platinum electrodes just touching the sides of the heart. Currents then 
sent through which would have instantly inhibited an Octopus’ ventricle 
proved quite unavailing here. Whatever strength of current was used, 
no inhibition could be produced. Even when the secondary coil was 
removed 1 centimetre at a time from 20c. to 5 or 6c. no strength 
could be found which would inhibit the beats. With all the currents 
below a certain strength no effect was visible, but with that strength a 
marked increase, often very large, took place in strength and rate of 
beats. After the stimulation a detrimental effect was observed, inas- 
much as an exhaustion seemed to be caused by the ™ expenditure of 
energy. 

_ An example may make these points clear :— 

_Pterotrachea. Ventricle beating in a hollow slide in its own blood, 

and watched through microscope. 
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(1 Leclanché to the induction coil.) 


Distance of Coil | 4 min. before 4min. stim. |  4min. after 
12¢. 7 9 
lle. 8 7 10 
10c. 9 9 
8c. 8 8 8 
8 7 7 
‘6c, 5 20 strong beats | Pause: then 1 beat near ~ 
end of first 4min. A 
second beat at end of 
second 4 min. and then a 
slow renewal of rhythm. 


_ Throughout, the heart of Pterotrachea acted like the kidney veins of 
Octopus and shewed no sign of any direct inhibitory action of the current 
on the striated cardiac muscle. 

The only influence of the sian teas current was in the direction of 
acceleration. 


Opisthobranchiata. 


Aplysia. Some observations were made on Aplysia with a view to 
test the accuracy of Dogiel’s assertion of the existence of ganglion cells 
in its heart and to determine whether inhibition of the heart’s beat 
would be produced through nerves or otherwise. 

While the search for ganglion cells proved unsuccessful, the existences 
of plasma cells in the auricle was abundantly demonstrated. In the 
species of Aplysia examined by me the plasma cells usually formed 
dense oval nests of a large number of small cells undoubtedly produced 
by the division of the parent plasma cell, as Brock found to be the 
case. These nests appear as egg-shaped bodies, staining deeply, and, 
with a low power, coarsely granular. When the nest is broken up, the 
constituent cells are seen to be roughly spherical with a deeply staining 
nucleus and a clear slightly staining cell-substance. The nuclei give 
rise to the granular appearance of a nest when seen by a low power. 
The.cells which were supposed by Dogiel’ to be apolar ganglion cells 
are almost certainly ordinary plasma cells, which often assume an oval 
or spherical shape, although they vary more in Aplysia than in higher 
Molluscs, 

1 J,Dogiel. Arch. f. mikr. Anat, Bd. 14, 1877, p. 59. 
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_ Apart from the improbability of the existence of apolar ganglion-cells 
in the heart, the incorrectness of Dogiel’s drawing of the heart and the 
adjacent nerves causes great doubt as to the accuracy of his interpretation 
of these cells. 

In his figure (Taf. V.a. Fig. 15) of the “branchial” (“visceral,” 
Spengel) ganglion he entirely overlooks the olfactory organ to which 
the right nerve runs, and he represents the left nerve as of equal thick- 
ness and as running straight to the auricle. But instead of such a 
short thick left nerve, there come off from the left half of the double 
“visceral” ganglion two distinct long nerves. Of these one supplies the 
generative duct, while the other runs on to thegill. Here it divides 
into two, the left one running on straight towards the hind end of the 
gill while the right curls round anteriorly and appears to end in the 
pericardium near the origin of the auricle (Fig. 7). 

This nerve appeared to be the only one with any influence on the 
heart. When the other nerves issuing from the visceral ganglion were © 
cut and a visceral nerve stimulated, contractions of the gill and of the 
heart were caused; and this happened: when only a small portion of the 
gill was left and a large hole was cut in the ventricle, so that change in 
pressure could hardly be the cause that excited the latter to contract. 
I could not find that this nerve exercised any inhibitory influence on 

the heart, and I also failed to produce inhibition by direct stimulation. 
‘The heart of Aplysia will continue to pulsate when excised, but 
slowly and not with great regularity. On bisecting the ventricle 
transversely each half continues its pulsations. I have no doubt that 
the suspension of the heart with a cannula as was done with the 
Octopus would enable a regular rhythm to be studied, but want of time 
prevented me studying this animal further. | 

As in the other forms examined the cardiac muscle was found to be 
transversely striated, and both auricle and ventricle are built on the 
meshwork type. 


TUNICATA. 


From among the Tunicata, which for physiological purposes may be 
reckoned among the Invertebrata, two forms, Salpa Africana, and 
Ciona intestinalis, were chosen for examination. The heart of either 
continued its pulsations when carefully excised and placed in sea-water, 
and both hearts by the delicacy of their structure were favourable for , 
microscopic investigation. But no method of preparing and staining 
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revealed any ganglion cells in the heart, and nerve fibres were likewise 
not to be found. The muscular fibres were arranged to form a simple 
sheet and presented a transverse striation even more distinct than that 
of Cephalopoda. 

In the case of Salpa, the electrodes were thrust into the body as 
close as possible to the heart, and the rhythm then watched while the 
interrupted current was sent through. But not only did the current 
not produce inhibition of the beats, but I was unable to observe any 
such change in the direction of the rhythmical contractions as was 
described by Dew-Smith. The uncertainty however of the exact 
course of the current in this method of procedure diminishes the value 
of negative results. Stimulation of the heart of Ciona, which was more 
easily prepared, was conducted invariably on the heart excised and 
beating in sea-water. Here again, as in Pterotrachea, I was unable in 
spite of the most careful gradations to find a strength of the interrupted 
current which would produce inhibition ; and here again am I forced to 
conclude that inhibitory nerves are absent and that the interrupted 
current is unable to inhibit the muscle directly. 

Here too, as in the Heteropod, the only visible effect of the current 
is an acceleration of rhythm. It may be noted that the result here 
arrived at of the absence of ganglion cells from the ascidian heart is in 
accord with the observations of Krukenberg’, who, although he felt 
sure they must exist, was totally unable to find them. 


GASTEROPODA. 


Pulmonata. 


Helix, I have reserved the Snail to the last because the experiments on 
Ascidians were closely related to those on the Heteropods and because 
the discussion of the Snail’s heart will go into further detail and 
embrace a wider field than these. 

Both species of English Snail: H. aspersa, and H. pomatia, were 
_ used, both for morphological and physiological examination, and all the 
results obtained for the one were found to hold for the other. 

Considerable interest has been attached to the heart of the Snail 
since Foster’ first drew attention to the inhibition produced by 
stimulating it with the weak interrupted current, and then followed up 


1 Krukenberg. Physiol. Studien. m1. Abth. p. 151, 
* Phliiger’s Archiv, Vol. y. p. 191. 
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his first paper with another dealing with the effects of single induction 
shocks and the constant current (Proc. Roy. Soc. No. 160, 1875). 

Quite recently Biedermann’ has repeated and extended Foster’s 
work, entirely confirming him. 

While Foster argued from thé supposition that nerve » fibres and 
ganglion cells were absent from this heart,—and has been supported in 
this view by F. Darwin’ and Biedermann; Dogiel* has claimed to 
have established the existence of nerve cells in the auricle, and his 
results have been willingly accepted by those anxious for support to the 
older theories. 

_ My investigations have produced results differing feos Foster’s as 
reqiita the absence of nerve fibres, but agreeing with his as to 
ganglion cells. 

In the auricle of the Snail may be found upon the muscle bundles‘ 

a number of plasma cells which are, there is little doubt, identical with 
- Dogiel’s “apolar!” ganglion cells. Some of these cells of an oval or 
pear-shaped form present a considerable resemblance to ganglion cells, 
and if only these were observed might be considered such. But when 
others of varying shapes, and others in process of division are seen, 
such an idea becomes untenable; and when the striking similarity of 
these cells with the plasma cells of the connective tissue is noticed, no 
doubt can remain of the identity of the two (Fig. 8). The various stages 
of division also which are met with, from a group of two or three 
contiguous cells to a nest of closely packed small ones, point clearly to 
the true nature of these elements. True ganglion cells I believe do not 
exist in the Snail’s heart. 

Nerves however do enter the heart, although they are not easy to 
detect histologically. From a median protuberance on the subcsopha- 
’ geal ganglionic mass, which probably corresponds with the visceral 
ganglion of Aplysia, [the visceral ganglia are still separate in Lymneus, 
but are in close connection with the pleural ganglia,] comes off almost 
from the middle line a couple of visceral nerves. The larger of the two, 
the left nerve, runs along by the aorta towards the ovisperm duct, to 
which it gives off a branch. It then divides, and one part follows the | 
aorta into the ventricle, while the other goes on to the kidney, where it 

1 Loc, cit. ~ 

* F. Darwin, Journ. of Anat. a. Phys. Vol. x. Part mt. April, 1876. 

3 Loc. cit. Dogiel mentions Helix as one of the animals examined by him, and then 
lays down the general statement that they all have cardiac ganglion cells. 


* Both the auricle and ventricle are formed of a meshwork of bundles of striated 
muscle fibres, that of the ventricle being denser and thicker. 
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ramifies, and some branches are continued to the origin of the auricle. 
The heart thus receives nerves both at the auricular and aortic ends’. 
(Fig. 9.) The discovery of this nerve to the heart at once necessitated a 
reconsideration of the results obtained by previous workers, and the 
question of its function became important. It was found possible after 
a little practice to open a Snail from which the shell had been removed, 
to ligature and cut the nerve near its origin, and to observe the effect 
of stimulation while the heart was beating regularly, the mantle being 
cut round its edge, turned back and pinned out on a piece of cork. 
I did not find that opening the pericardium was so detrimental to 
rhythm as Foster and Dew-Smith found it, and tor clearness in 
seeing it was therefore usually opened. 

The effect of throwing a weak interrupted current into the nerve 
(with the electrodes 2 cent. or more distant from the heart), was to 
cause a diastolic standstill, followed after breaking the current by an 
improved rhythm. The kidney at the same time contracted, and also 
the pericardium when it was left. 

That the inbibition was’ not caused by alterations in pressure, to 
which the Snail’s heart is so sensitive, was shewn by it occurring when 
nearly the whole lung with its afferent vessels was cut away. And 
even when the auricle was cut through at its base, so that the ventricle 
- remained attached to the body only by its aortic end, still inhibition of 
the ventricular beats occurred. 

The inhibition produced thus in no way differed from that caused 
by direct stimulation with the weak interrupted current, and it also 
resembled closely that obtained similarly in the Octopus. 

The following example illustrates this. 


Helix aspersa. (1 Daniell to Induction Coil.) Visceral nerve stimu- 
lated. 


3 


Stim.  |4min. beforestim.| 4min. stim. | 4min. after stim. 


~ = weak beats. * =strong beats. 


1 A similar double nerve supply has been described by Haller, loc. cit. as existing i in 
Muricidae and Fissurella. 
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There thus appears to be a trophic action entirely similar to that of 
the visceral nerve in the Octopus. The double supply of nerves 
however suggests a differentiation into accelerators and inhibitors such 
as is met with in vertebrates; but I was quite unable to get any 
physiological evidence in favour of this idea. Whichever end of the 
heart was cut through, or whichever nerve branch was cut, the action of 
the remaining one was like that of the two in nature. ‘There did 
however appear to be a difference in their sphere of action, inasmuch 
as the auricular nerve seemed to act chiefly on the auricle and the aortic 
on the ventricle. This was indicated ‘by the auricle continuing its 
beats, if not always with the same frequency, during visceral stimulation 
when the heart remained attached only by its aortic end; and the like 
was the case with the ventricle, though to a less degree, whine the base 
of the auricle was left unsevered while the aorta was cut. And this 
partially independent nerve supply of auricle and ventricle is entirely 
in harmony with what is known as to their marked independence of 
rhythm, which character is as much seen in H elias as in the other forms 
mentioned. 

The discovery of inhibitory nerve fibres to the heart of the Snail 
overthrows the chief argument in favour of a direct inhibitory action of 
the interrupted current on cardiac muscle, and further enquiry into the 
action of the nerve only brings out further resemblances to the state of 
things in the Cephalopod and leads to the conclusion that the same 
explanation 1 is valid here. 

Thus, in the Snail as in the pats the completeness of inhibition 
is dependent on a certain medium strength of the interrupted cur- 
rent; so that if certain limits be exceeded above or below, instead 
of a complete standstill, beats occur during the passage of the 
current, 

The current may be either too weak to stop the beats entirely, or, if 
very strong in relation to the irritability of the nerve, may by apparently 
increasing the excitability of the heart call forth beats often of con- 
siderable strength. 

As a rule these beats are fewer in number than would be the 
natural beats in the same time, but in one case an actual acceleration 
was observed during stimulation. 

The following example illustrates the effects of varying stimuli on 
the visceral nerve :— : 

Helix aspersa. Visceral nerve prepared in the neck. Pericardium 
opened. 
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Stim, before stim. | after. 
7 0 4 
Gc. | 7 5 7 
5 4 5 
9c. 4 0 4 
4c. 4 2* 4 
9c. 3 1 3 
8c. 3 0 3 
* = very strong beats. ’ 


The exhausting effect of the stronger stimulations is to be noticed 
here. Eg. 10'c. cannot inhibit after stimulation with 6c., although 9 c. 
can; and 9c. becomes ineffective after a current of 4c., while 8 c. acts. 

In this behaviour the Snail resembles precisely the Octopus, in which 
the beats occurring durihg sub-minimal stimulation of the visceral nerve 
were found to be distinguishable from those produced by currents 
stronger than requisite for complete inhibition. 

It was pointed out in the Octopus that escape of current did not act 
there; and, in the Snail, I think it certain that the distance (about 2c.) 
between the electrodes and the heart prevented it occurring either. _ 

In regard to the action of poisons also, the Snail, as far as my inves- 
tigations go, agrees with the Octopus. 

After a drop of curari has been injected into the vena cava, ue the 
disturbance of rhythm produced by the increase of pressure in the heart 
has subsided, it is found that both visceral and direct stimulation of 
auricle or ventricle are equally ineffective in producing stimulation, 


_ H.aspersa. Visceral nerve prepared in neck. Pericardium opened. 
Curari sol. of 1 per cent. in 0°6 NaCl sol. 


Stim. 
lle. 6 0) 7 
5 0 6 
Curari injected into Vena Cava. 
Te, 4 4 4 
6c. 4 4 4 Visceral stim. 
5e. 4 4 4 
10 c¢. 4 4 | 
7 c. 4 5 4 Ventricle stim. 
6c. 4 7 0 
6c, | 4 4 4 Visceral stim, 
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It will be seen that the visceral nerve has no power whatever after 
curari, while the application of the current directly to the ventricle when 
strong enough produces acceleration. 

These results, so very similar to those obtained in the Cephalopod, 
point to very similar nervous and muscular mechanisms in the hearts of 
the two animals, and lend decided support to the nervous theory of 
inhibition founded on the study of the one. 

Atropin also acts on the Snail in the same remarkable way seen 
above in the Octopus. 

When some atropin solution has been put over the outstretched 
lung and heart, and but very little has worked its way through rents in 
the vena cava into the heart, the first noticeable effect is an increase in 
the rate of beats together with an incompleteness in the relaxations. 
As the action of the drug proceeds the increase in rate is not maintained, 
but on the other hand the state of tonic contraction at first just notice- — 
able becomes more marked, till finally the heart stands still in extreme 
systole, 

If atropin be injected into the vena cava, this standstill occurs at 
once, just as it did in the experiments with the Octopus. __ 3 

During the earlier stage of increased rhythm, the visceral nerve still 
inhibits the beats, although a rather stronger current is required than 
before, and for a short time after the state of persistent contraction 
appears it can cause a partial relaxation. But after the systolic condition 
caused by a large dose of atropin had well set in, I was unable to get 
any relaxation by visceral stimulation; and at the same time direct | 
stimulation of the ventricle by the interrupted current and by pricking 
failed to produce any effect. 

The visceral nerve therefore loses its power only when the muscular 
irritability is so lowered that the heart responds to no form of stimulus. 

Atropin therefore excites to contraction and lowers the irritability of 
the Snail’s heart, while it leaves the inhibitory nerves apparently un- 
touched. 

I have not made any very accurate experiments to ascertain the 
relative. ease with which the interrupted current inhibits when applied 
to the visceral nerve or to the ventricle itself, as was done in the © 
Octopus; but the few comparative observations I possess point certainly 
to the nerve causing inhibition at least as easily as does direct stimu- 
lation. 

There is thus no evidence of difference in this respect from the 
Octopus ; and the close similarity of the remaining inhibitory phenomena 


& 
> 
4 
hey 
= 
aq 
a 
BY 
4 
“al 
73 


332 B. RANSOM. 


in the two animals leads unavoidably to the conclusion that they are of 
essentially the same nature and capable of the same explanations. 

I must therefore consider as very improbable the idea that inhibition 
of the Snail’s ventricle by direct stimulation with the weak interrupted 
current is due to a direct interference of the current with the muscular 
molecular changes which lead to rhythmical contraction ; and, on the 
other hand, am led to believe that it is due to excitation of inhibitory 
nerve fibres scattered through the muscular substance. 


The action of the Constant Current. 


_ Leaving aside as of less importance the study of the rhythm set up 
in the resting heart by the constant current’ I proceed to examine the 
inhibitory phenomena connected therewith. } 

It has been found by Biedermann that when a constant omen is. 
sent into a contracted ventricle a relaxation, more or less localised 
according to the strength of the current, occurs at the anode, and that 
on breaking the current a similar one occurs at the kathode. 

And Foster and Dew-Smith had previously observed that total 
inhibition of a beating ventricle was most easily produced when the 
auricular end was anodic and the aortic kathodic, ie. when the current 
was descending. 

I have not worked over Biedermann’s experiments on the con- 
tracted heart, but my results obtained from the beating ventricle agree 
entirely with those of Foster and Dew-Smith’. 

Now it is remarkable that the undoubted superiority of the descend- 
ing current in inhibiting the ventricle of the Snail is precisely the 
opposite of what was found above in the Octopus, where putting the 
kathode at the auricular end of the ventricle was the readiest way of 
causing inhibition. 

In the Octopus the ascending, in the Snail the —— current, 
more easily inhibits the beats. 

But the superiority of the descending over the snciadlins current in 


1 This is discussed in considerable detail in the paper of Sosten and Dew-Smith, 

Their results agree with the general law of the action of the constant current :—viz., 
that there is a kathodic making and an anodic breaking stimulus. The same was noticed 
above in the Octopus. 

2 The current was applied by means of non- polarizable brush electrodes, and varied in 
strength from bs to 'y and to 1 Daniell cell, 
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the Snail is more marked than is that of the ascending over the descend- 
ing current in the Octopus; so much so indeed that I never obtained 
complete inhibition in the Snail by the use of the ascending current, 
whereas a very weak descending current sufficed. 

The explanation of this inhibition offered by Foster and Dew- 
Smith, who attribute it to an anodic depression of irritability of the 
sensitive auricular end, receives support from the localised anodic 
relaxation observed by: Biedermann; but it hardly accounts for the 
almost entire inability of the ssctiiling current to inhibit, and is not to 
be easily applied to the explanation of inhibition in the Octopus. 

While the experiments of Biedermann I think undoubtedly shew 
that a condition of anelectrotonus may be associated with inhibition, and 
while this will explain certain phenomena—inhibition by the descending 
current in both Octopus and Snail—it does not cover the whole question. 
Some other factor is wanted to explain the differences. This is to be 
found in all probability in the action of the nerves. With the ascending 
current in the Octopus, with the descending in the Snail, the kathode 
is over the entrance of the inhibitory nerve. 

The possibility of such an action of the ascending current in the 
Octopus was referred to above, although an inhibition due to anodic 
depression by the descending current was admitted as well. 

Either mode of inhibition might occur by the separate action of 
anode or kathode. But in the Snail, owing to structural arrangements, 
the two electrodes instead of acting in opposite directions help each 
other. 

With the descending current the kathode tends to excite the nerve 
entering at the aorta, while simultaneously the rhythmical action is 
depressed in its origin at the auricular end by the anode. 

Depression of muscular irritability and stimulation of inhibitory 
nerve fibres occur together. - 

With the ascending current on the other hand, the sensitive 
auricular end of the ventricle undergoes kathodic excitation while 
any action of the inhibitory nerve is depressed by the anode. What 
wonder therefore if the depressing influence on the small cone of 
muscular tissue near the aorta is unable to produce a complete cessation 
of contractions? And is it surprising that the descending current 
inhibits in the Snail so much more readily than does either current in 
the Octopus ? 

If this view however be correct, the constant current when applied 
to the trunk of the visceral nerve should also produce inhibition. 
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_A continuous action of the constant current under certain conditions 
on the motor nerves of voluntary muscles may now be said to be esta- 
blished, and there appears no reason why an inhibitory nerve should not 
respond in like manner. 

And such I have found to be the case in the Snail. . 

When a current of one-tenth of a Daniell cell was sent down the 
visceral nerve, a complete inhibition resulted, resembling in all respects 
that produced by the interrupted current. 


_ The after effect of improved rhythm was also manifest, but there 


was a longer interval than with the interrupted current before the 
renewal of beats took place. 

When the current was sent up instead of down the nerve, not even 
the whole strength of a Daniell cell could cause inhibition. Presumably 
the kathodic stimulation was blocked at the anode. 


The cnaasan table is an instance of this action of the constant 
current 


Helic aspersa. Constant current applied to the visceral nerve 
in the neck. Daniell and 1 Daniell used. 


Stim. }’ before }' stim. y y y 
to Dan. | 
Desc. 4 0 1 5 
‘ 5 0 0 0 5 
4 0 2 Bs: 
Ase, 4 4 4 
ss 4 4 4 
1 Dan 
Ase. 4 3 
Desc. 4 0 2 5. 


This fact that the constant current may excite an inhibitory nerve | 
to action during its passage lends considerable support to the view that — 


nerve stimulation by the kathode may in some instances have to do 
with the inhibition produced in a heart by this current, 

From the facts before mentioned it 1s probably the only factor when 
the ventricle of the Octopus is inhibited by the ascending current ; while 
it cooperates with anodic depression of muscular irritability when the 
descending current acts on the ventricle of the Snail. 

The inhibition accompanying anelectrotonus is the only Goat of 
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inhibition by the direct action of electricity on cardiac muscle that has 
sas brought to light in this paper. 
_-- The influence of induction shocks is essentially different from that of 
the anode, but is like that of the kathode :—it is stimulating, it urges to 
‘Increased activity, to contraction. 

It is from the kathode that contractions always proceed during the 
passage of a constant current through a heart previously at rest; and 
induction shocks always excite to contraction when the influence of 
inhibitory nerves is eliminated. 

In the region of the anode a contraction is reduced, in that of the 
kathode it is increased—as may be well seen in a heart divided into 
two parts connected merely by a narrow bridge of tissue. (Biedermann.) 

The anode is the opposite of a stimulus, and it alone can inhibit. 

We may fairly say that no form of electrical stimulus has been found 
which acting on the cardiac muscle directly can inhibit its rhythmical 

contractions, or indeed produce ought but a contraction. | 
We have as yet not been able to imitate successfully those nervous 
stimuli which seem alone able, without depressing its ee to stop 
the contractions of cardiac muscle. 


CONCLUSION. 


In briefly considering together the various facts set forth in this 
paper we may gather the following as the chief results to be derived 
therefrom. 

In the hearts of the Cephalopoda and Gasteropoda examined, as 
well as in those of the Tunicata, the muscular fibres are transversely 
striated, 

This transverse striation has been noticed by other observers in 
Lamellibranchiata and in other Gasteropoda, and may probably be con- 
sidered as the general rule in Mollusca. 

[It is interesting to notice that in this group striation appears to 
begin in the heart, a non-voluntary muscle; as the other cases of its 
occurrence—muscles of the buccal mass, retractor oculi, shell muscle of 
Lamellibranchiata—do not appear to be so numerous or so constant. ] 

In no molluscan or tunicate heart examined are ganglion cells to be 
found. These are however occasionally simulated by plasma cells. 

In Octopus a system of nerves and ganglia supplies the heart, 
connecting it with the respiratory centre, and forming a genie: 
mechanism between the systemic and branchial hearts. 
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In all the animals examined the cardiac muscle has the power of 
rhythmical contraction independently of nerve structures, 

_ In Mollusca, the dependence of the ventricle on the auricle is far 
less close than is the case in Vertebrata. The two organs are physiologi- 
cally isolated. 

The chief requisite for a regular itaoiieie is not the connection of 
auricle and ventricle, but a sufficient internal tension. 

The two visceral nerves (“vagi”) supplying the heart of Octopus act 
as inhibitory nerves on the ventricle and auricle; and a single nerve 
with a similar function supplies the heart of Heli. 

_ In Aplysia a nerve was traceable to the region of the auricle, oc its 
function was not ascertained. 

In Pterotrachea no nerves could be found in the heart, and no 
inhibition could be caused, The same was true for Tunicata. 

The fibres of the inhibitory nerve in Octopus and Helix appear to 
be uniform in function—i.e. not divisible into an accelerating and an 
inhibiting set. 

The action of these fibres appears to consist in changing the 
molecular processes resulting in rhythmical contraction into others 
which prevent at the moment such contraction but which result in 
increased irritability and power of rhythmical contraction. This action 
may be roughly expressed by saying that the nerve diverts the muscle 
from expenditure to accumulation of contractile material. 

_ Inhibition of a heart by direct stimulation with a weak lateerested 
current is in all probability only caused by excitation of inhibitory nerve 
fibres scattered through the muscle of the heart. 

Where such nerves are absent, acceleration is the only result of 
stimulation with the interrupted current. 

The only action of single induction shocks on the muscle is to excite 
to contraction. When of sufficient strength they act thus during both 
systole and diastole ; but when just below that strength they ¢ are ineffec- 
tive during systole. 

This is due to the excitability of the heart muscle pei 
periodic changes, being least during systole and greatest in complete 
diastole. 

When a natural contraction of the heart has been artificially 
increased or prolonged, the succeeding diastole is also prolonged ; there 
is a compensatory rest, — 

A rapid succession of strong. induction shocks: may cause a tetanic 
contraction of the heart. 
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The strong constant current may call forth a rhythm during its 
passage through a resting ventricle, the beats proceeding from the 
kathode. 

the current is weak, a making beat occurs atthe kathode and 
a breaking beat at the anode. 

Inhibition of the beating ventricle may be caused by the constant 
current in two ways :— 

(1) By depression of muscular activity at the anode. 

This is most effective when the anode is on that part of the ventricle 
whence contractions normally proceed, viz. the auricular end. 

(2) By stimulation of an inhibitory nerve at the kathode. 

In the case of the Snail, the current has been found to act also in 
this way when applied high up on the trunk of the visceral nerve. 

Atropin and Muscarin have no visible effect on the inhibitory nerves 
of Mollusca and appear to be exclusively muscle poisons. 

Curari destroys the power of the nerves, but in large doses seems to 
have a further exciting effect on the muscle. 

The mode of action of the inhibitory nerve in Octopus and Heliz, 
if the view here formed of it at all approach the truth, is in the present 
state of our knowledge unique in the animal kingdom. 

Not only in Mammalia and Reptilia, but even in Amphibia, the 
heart has been shewn to possess two sets of nerve fibres—accelerators 


- and inhibitors. Whether this differentiation is primitive, or whether it 


was preceded by a state in which all the fibres were alike in function 
we do not know. Nor can we solve this question, or the further one as 
to how fibres primitively alike may have become thus differentiated, 
until we find not only animals possessing the simpler arrangement but 
also those within the borderland between the two. The apparent uni- 
formity of function in Cephalopoda and Pulmonata undoubtedly points 


- to the single nerve supply as being more ancestral ; but the question — 
is probably not one which can be settled by considering the heart alone. 


A complete solution will entail a comparative study through the 
higher invertebrata (Arthropoda, Mollusca) and the lower vertebrata 
(Pisces, Cyclostomata), not only of cardiac but of vasomotor and secretory 
nerves and of nerves affecting the respiratory and other nervous centres. 

_ The respiratory centre of the Octopus seems already to offer a most 
interesting field for research. 

In the meantime it is probable that investigations into the influence 

on the metabolism of cardiac muscle exercised by vagus (inhibitor) and 

sympathetic nerve (accelerator) respectively would produce results: of 
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the gréatest interest. If it could be shewn that the true vagus fibres of 
a tortoise or a frog in any way tended to increase constructive meta-_ 
bolism, while the sympathetic favoured the destructive processes, a step — 
would already be taken in harmonizing the phenomena presented by 
Mollusca and Vertebrata and in forming a general interpretation ap- 
plicable to all. 


DESCRIPTION OF PLATE VIL. 


Fig. 1. Diagram of the Cardiac apparatus and gills of Octopus, with the 
cardiac and respiratory nerves. 

Ve. = Vena Cava. KV. = Kidney Vola: : BH. = Branchial Ween: 
G.=Gill. LA, = Left auricle. RA. = Right auricle, V. = Ventricle. CA. = 
Cephalic Aorta, Ga.=Genital artery. Va. = Visceral artery. SV.= Veins 
from sides. P.= Pleural ganglia. S.=Stellate ganglia. Vg. = Visceral nerve. 
C. = 1st Cardiac Ganglion. Cr.=2nd Cardiac Ganglion. .= Branchial Gan- 
glion. 

The dotted lines indicate the parts covered by glands. 

Fig. 2. a. Muscle fibre of the ventricle of Octopus. (x 500.) Alcohol 
and Hematoxylin. 

Fig. 2.6. Portion of a potas fibre of the ventricle of Sepiola, (x 500.) 
Gold chloride. 

Fig. 3. a. and 3. 6. Plasma cells from the junction of the kidney and 
auricle of Pterotrachea. (x 500.) Osmic acid and Picrocarmine. 

Fig. 4. Ganglion-cell from the cerebral ganglia of Ptervtrachea. (x 500.) 
Osmic acid and Picrocarmine. 

Fig. 5. Plasma cell from the cutis of Pterotrachea. (x 500.) Osmic acid 
and Picrocarmine. 

Fig. 6.. Connective-tissue cells; a. the — 6. from the cutis of 
Pterotrachea. (x 500.) Osmic acid Picrocarmine..- 

Fig. 7. Diagram of the branchial and cardiac nerves of Aplysia. 

LV., RV.= Left and Right Visceral nerves. Vg. = Visceral ganglion. 
Gen, = Genital nerve. O.= “Olfactory organ.” rn.= Left branch of the 
nerve to the gill. mb.=Branch to the pericardium. G.=Gill. P.= sds 
cardium. A,=Auricle. V.=Ventricle. a.= Aorta. 

Fig. 8. a. Plasma cell on auricular muscle of Helia. 

Fig. 8. 6. Plasma cell from the connective tissue membrane between the 
loops of the genital duct of Helix, (Zeiss, D. Oc. 4.) ? 
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_ Fig. 9. Diagram of the cardiac nerves of Helix, 
SO. = Supracesophageal ganglia, Sub, 0. =Subcesophageal = 


Left visceral nerve. Os, = Ovisperm duct. K.= Kidney. P.= Pericardium. 
A, = Auricle, V,=Ventricle. “a. = Aorta, 


DESCRIPTION OF THE CURVES. 


Puates VIII. IX. X. 


Note All the curves are to be read from left to right, 
_ When single induction shocks are used, the down stroke on the left 
signifies the application of the stimulus—an opening shock. 

In the curves marked (*) the drum was stopped between each stimulation 
to give time for recovery of irritability. 

-In the curves marked (+) the letter (A) denotes the nncenetlny, (D) the | 
descending current, 

In the other curves (V) signifies visceral nerve and (?) direct stimulation 
of the ventricle, . 

Fig. 1, Inhibition of the ventricle by visceral nerve stimulation. In- 
duction coil worked by one Leclanché cell : secondary coil at 7 cent. 

Fig. 2. Weaker visceral action on the same heart, Coil at 9c, 

Fig. 3. Stronger visceral action on the same heart, Coil at 6c. 

Fig. 4. Action of moderate visceral stimulation on a resting ventricle. 


Fig. 5, Action of stronger visceral stimulation on a resting ventricle, 
Coil at 7 c, 

Fig. 6, Action of weak and moderate direct stimulation of the ventricle 

near the origin of the genital artery. Coil at 9c, 8c, 7c, 

Fig. 7. Action of weak direct stimulation of the same ventricle near the 
auricular junction, at. 10¢, and 8c, Also of weak visceral stimulation. 
Coil at 10c, 

Fig. 8, Action of moderate direct stimulation of the same ventricle as 
Fig. 4 when quiescent, Coil at 8c, 

Fig. 9. Action of strong direct stimulation of a beating ventricle, Coil 
at 4 ¢, 

Fig. 10. Action of very strong visceral stimulation on a curarised ven- 
tricle. Coil at 0c. 

Fig. 11. Action of strong direct stimulation of a curarised ventricle. 
Coil at 5c, 
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Fig. 12. Remarkable inereate in tone and rate of beats following a dose 
of curari. 
Fig. 13. (a) Action of atropin on a beating ventricle. ; 
_ (6) Lowering of the tonic condition of atropin poisoning by visce- 
ral stimulation. Coil at 4c, 
(c) Lowering of the tonic condition by moderate direct stinele- 
tion of the ventricle, oil at 8c. : 
Fig. 14. Total cessation of beats produced by 1 m.grm. Muscarin. . 
Fig. 15. Weakening of beats produced by 0-4 m.grm, Muscarin. 
Fig. 16. Action of strong direct stimulation 
resting ventricle. Coil at 2c. : 
Fig. 17. Action of strong direct stimulation of a beating ventricle. coi 4 
at 3c. (a), and at 2. (6). 
Fig. 18, Action of similar stimulation of a curarised beating ventricle, 
Coil at 3c. 
Fig. 19. Tetanfe contraction caused by o similar stimulation in a 
curarised and exhaustive ventricle. Ooil at 1c. 
Fig. 20. Formation of tetanus with interrupted currents of increasing 
strength. Ventricle curarised. Coil at 7. (a), 6c. (6), 5c. (ce), 4¢, (d). 
Fig. 21. Analyzed tetanus produced by single induction shocks wnt in at 
intervals of +}, minute. Coil at 6c. 
Fig. 22. Action of single induction shocks on a beating ventricle. Coil 
at 4c. | 
Fig. 23. Action of stronger single induction shocks on a curarised 
beating ventricle. Coil at 1. | 
Fig. 24. Action of single induction shocks on a resting veinteiele Coil 
moved from 8 c. to 0c. 


Fig. 25. Action of single induction shocks on a resting Venteitle, Coil 
moved from 12 ¢. to 3c. 

Fig. 26. Action of single induction shocks repeated at intervals of 2, 
minute. Coil at 6-5c. and 6c. | 

Fig. 27. Similar series of increasing aeeges Coil moved from 10. to 
5c. Shocks also repeated at intervals of 4, minute with the coil at 5c. | 

Fig. 28*}. (a) Action of the constant current on a resting — 

Qne Grove. 
(5) (c) Action of the constant current on the same ventricle 
Two Groves. 

Fig. 29. Action of a current on a Five 

Groves. 


Fig. 30*}. Action of the constant current on a fatigued resting ven- ; 
tricle, Five Groves. : 
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Groves. 


Fig. 32}. 


Groves. 

Fig. 33+. 
Groves. 

Fig. 34+. 
Groves. 

Fig. 35f. 
Groves. 


Fig. 31* +. Action of an ascending current on a resting ventricle, 


Action of a descending current on a beating ventricle. 
Action of the constant current on a beating ventricle. 
Action of an ascending current on a beating ventricle. 


Action of the constant current on a beating ventricle. 
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SOME EXPERIMENTS ON THE LIVER FERMENT. 
By FLORENCE EVES, BSc., Newnham College, Cambridge. 


(From the Physiological Laboratory in the University of Cambridge.) 


Since Bernard’s earliest experiments on the properties and fate of 
glycogen in the animal body, the view has generally been held that the 
disappearance of this substance from an excised liver and the appear- 
ance of sugar in the same is due to the action of a ferment ; indeed the 
directions usually given for the preparation of glycogen are based upon 
this assumption. Since it seems very probable that when during life 
glycogen is distributed over the body for the needs of the economy it is 


_ passed out from the liver as sugar, so in this case also it appears to be 


assumed that the conversion into sugar is due to the action of the same 
ferment. It is however easily conceivable that the change is not due 
to any specific ferment-action, but is merely the outcome of the 
metabolic processes going on in the protoplasm of the hepatic cells: 
and there are certainly good grounds for supposing that this is not only 
a possible but very probable view. In the first place, little as is known 
about the physiology of diabetes, whether occurring naturally or as the 
result of an experimental injury, still the facts which are known seem 
to indicate that the increased production of sugar is due rather to some 
alteration of the metabolic activity of the hepatic protoplasm, than — 
to the abnormal development of an amylolytic ferment’, If this be so, 
then bearing in mind that diabetes is, in many cases at all events, 
merely an immensely exaggerated condition of that which is supposed 
to be continually occurring in the liver, it would certainly seem probable 


- that the normal conversion of glycogen into sugar by the liver is 


not more probably due to the action of any specific ferment than is in 
many cases the abnormal. When the ee ligatured glycogen 


1 Foster. Jl, of Anat. and Physiol. Vol. 1. 1867, p. 113. 
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THE LIVER FERMENT. 


‘disappears from the liver, and in this case v. Wittich! argued that the 
disappearance was probably due to the excessive production of a hepatic 
ferment; but even in this case there are no reasons for supposing that 
the cause is to be sought in anything other than an interference _— 
the metabolism of the hepatic protoplasm’. 

In the second place, if an amylolytic ferment plays any considerable 
part in the continued conversion of glycogen it might fairly be supposed 
that such a ferment would be obtainable from the liver with some ease 
and in greater quantities than is the case with other tissues, Now the 
literature on the preparation of such a ferment seems to show that 
there is a considerable uncertainty about its isolation, and that indeed 
the liver can scarcely be regarded as a more prolific source of such 
ferment than are the other tissues of the body, from all of which as 
v. Wittich, Lepine’, Foster‘ and others have shown, an amylolytic 
ferment can be obtained. Thus v. Wittich at first failed to find any 
in the liver® although he succeeded subsequently*. Tiegel’ working in 
Kiihne’s laboratory was unsuccessful by all the methods he used. Cl. 
Bernard obtained it® but Seegen and Kratschmer’ came to the 
conclusion, while endeavouring to isolate the ferment with a view to 
studying its action in glycogen, that such an isolation was not possible. 

There seems to be no doubt now that the sugar which is. formed 
post-mortem in the liver is true dextrose”, It is also quite certain 
that the sugar formed from starch and glycogen by ordinary amylolytic 
ferments is not dextrose, although perhaps traces of this sugar may at 
the same time make their appearance. Such being the case, it becomes 
still more probable that the post-mortem conversion of glycogen into 
sugar is not due to the action of any ordinary amylolytic ferment, and 
that it is really only the final stage of the metabolic cycle going on in 
the hepatic cells. Certainly if the conversion is due to an amylolytic 
ferment, it must be a ferment quite different from — already 
known, 


1 Centralb. f. d, Med. Wiss. No. 19, 1875. 

2 Kiilzu. Frerichs. Pfliiger’s Arch. Ba. xu. 1876, 8, 460. 

3 Arb. d. physiol. Anst. Leipzig pro 1870, * Loc. cit. 

5 Pfliiger’s Arch. Bd. u, (1869) 8, 190, 

6 Ibid. Bd, mt. (1870) 8. 340, and Ibid. Bd. vit. (1878) 3, 28. 

7 Ibid. Bd, v1. (1872) 8. 249. ® Compt. Rend. T, 85, 1877, p. 519. 

Pfliiger’s Arch. Bd. (1877) 8. 593. 

10 See Nasse, Pfliiger’s Arch. Ba. xtv. (1877) 8.479; Seegen. Ibid. Bd. x1x. (1879) 
S. 123; Seegen u. Kratschmer. Ibid. Bd. xx11. (1880) 8. 206; Kiilz. Ibid. Bd. xx1v. 
(1881) S. 52; Musculus und. v. Mering. Zeitsch. f. physiol. Chem. Bd. 11. (1878) 8. 417. 


af 
Sa 
q 
ag 
q 
4g 
a 
A 
Aq 
SS 
a 


344 FLORENCE EVES. 


From the above considerations it seemed worth while to make 
a further effort to isolate the supposed ferment, and if this were 
possible, then to study its action on glycogen and starch, and thus gain 
fuller knowledge of the process concerned in the conversion of glycogen 
into sugar in the liver. The following is an account of a short series of 
experiments conducted with the above object. __ 

I. The preparation of ferment extracts from the liver. One of the 
first requisites to success was to insure that the final ferment solution 
should be quite free from traces of either glycogen or sugar. In order 
to obtain this the liver of a recently killed sheep’, obtained as fresh as 
possible, was kept until examination of an aqueous extract of a portion 
showed that the liver was free from glycogen: of course all possibility 
of putrefactive changes was carefully excluded. This freedom from 

gen was usually reached in a few hours, and in some cases the 
liver was free from glycogen when it was received. Such glycogen-free 
livet was then very finely minced and treated with a large excess of 
95 per cent. spirit, the spirit being renewed until there was reason to 
suppose that all the proteids had been coagulated, colouring matter 
largely removed and examination showed that every trace of sugar had 
been washed away. In this way the presence of either glycogen or 
sugar in the ferment extract was precluded, The liver thus treated 
_ was then finally squeezed in a powerful press, the hard cake thus — 
obtained was broken up and dried at 30°C. then pounded in a mortar 
and sifted through fine wire gauze. The product was a fine powder 
containing presumably the substance of the liver cells while the residue 
was composed obviously of the blood-vessels and connective-tissue of the _ 
gland. Portions of this fine powder were then extracted at 35° C. with 
water and solutions of common salt, of strengths ranging from 1—10 
per cent., for periods varying from 12 hours to 2. days, The aqueous 
extracts were made with the addition of traces of thymol to prevent 
putrefaction ; this was not found to be necessary with the more 
concentrated salt-solution extracts, and as the latter were found to 
be the most powerful in their ferment activity, they alone were used in 
all the subsequent experiments, 

The extracts when filtered were perfectly clear, of the colour of pale 
sherry and gave a very faint but still just distinguishable xanthoproleic 
- reaction; they were quite free from glycogen or sugar and yielded 
a flocculent precipitate when poured into an excess of absolute alcohol. 


The livers of pigs and rabbits were also used, 
results as that of the sheep. 
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II. Ferment activity of the extracts, This was tested on ‘5 per cent. 
solutions of starch and glycogen. The following will serve as an 
example :—20 grams of the dried sheep's liver were extracted for 48 
hours with 40c.c. of a 10 per cent, solution of sodium chloride. This — 
_ was filtered and 2 c.c. of the filtrate was added to 

(a) 10cc, of filtered *5 per cent. starch solution, 

(a') 10c.e. of filtered “5 per cent. starch solution and then boiled. 
(6) 10c.c. of ‘5 per cent. glycogen solution. 

(b') 10c.c. of 5 per cent. glycogen solution and then boiled. 

After 20 minutes’ digestion at 38 C. no reduction could be obtained 
with Fehling’s fluid in any of the above; after one hour’s digestion (a) 
and (b) each gave a good reduction on boiling with Fehling’s fluid, 
that in (a) being the most copious. Portions were similarly tested after 
3,5 and 12 hours’ digestion; after the latter the reducing power had 
_- certainly increased, but there was still some starch and glycogen in each 

of the tubes respectively. During the whole course of the experiment 
neither (a’) nor (b’) gave any reduction at all. 
_ The above is typical of all the experiments made, and since the 
results were constantly like those just given it seems unnecessary 
to quote any more in detail. In this way then many experiments were 
made with both watery, but more usually salt-extracts of liver, and the 
outcome of them all was to show that by these methods an amylolytic 
ferment can be obtained from the liver; the activity of the extracts 
is however in no case very marked, for the conversion of starch and 
glycogen goes on slowly, and even after prolonged digestion the total 
amount of sugar formed is small.. In no case, even after prolonged 
digestion for 2—3 days with occasional dilution of the mixture, had the 
starch or glycogen been completely converted into sugar. All en- 
deavours to obtain a more active ferment extract by using larger 
amounts of the dried liver were unavailing ; in some cases 80 grams of 
the dry prepared liver, representing a very large mass of the fresh organ, 
were extracted with a minimal amount of fluid, but even this failed to 
show any greater ferment activity. 

Since the salt-extracts were found to be the most active, and these 
were used in most of the experiments, it appeared necessary to insure 
that the presence of the salt did not interfere with the action of 
the ferment. For this purpose portions of the salt extracts of the 
dried liver were dialysed until they were so free from salt that nitrate 
of silver gave only a very faint opalescence with the fluid left-on the 
dialyser. During the dialysis no precipitate was formed in the extract, 
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346 FLORENCE EVES. 


-and its ferment activity was found to be neither greater nor less than 
that of an undialysed portion, allowance being made for the dilution 


produced by dialysing. Hence the presence of the salt is not the cause 
of the feeble activity of the extracts. — 


III. Separation of the ferment itn the salt-eatracts, 40 grams of 
the prepared liver were extracted with water and a trace of thymol for 
12 hours at 38°C. The fluid was then filtered off, the liver residue 
squeezed out and the fluid thus obtained also filtered and added to the 

other part, The extract thus obtained was found to have a well marked | 
amylolytic action when tested in the usual way on starch, It was then 
allowed to fall drop by drop into a Jarge excess of absolute alcohol in a 
tall cylindrical jar. At first the alcohol became extremely opalescent, 
but on the continued addition of the liver extract this opalescence 
separated itself out almost entirely as a flocculent precipitate of a 
greyish white colour which settled to the bottom of the vessel on 
standing, the supernatant fluid being just perceptibly cloudy, After 
standing under the alcohol for six days, the precipitate was removed and 
filtered and the residue on the filter allowed to drain until nearly dry. 
This residue was next treated with (i) water, (ii) 10 per cent, sodic 
chloride solution for 1 hour at 38° C.: in neither case was it completely 
dissolved. Portions of each of these solutions were then filtered and 
the ferment activity of the filtered and unfiltered portions of both the 
aqueous and salt-extracts carefully tested and compared. The following 
are the details of one of the experiments, the ferment activity being 


tested by boiling with Fehling’s fluid and noting the reduction 
obtained. 


From such an silent and many others conducted in the same 
way and with uniformly the same results, there seems to be no doubt that 
an amylolytic ferment can be isolated from the liver by methods which 
yield the ferment ordinarily; but the amount present is certainly very 
small. The precipitate obtained when either the aqueous or salt 
extract of the prepared liver is poured into a large excess of alcohol is 
certainly for the most part not ferment ; if it were then there would be 
a much more striking difference in the activity of the filtered and 


unfiltered extracts used in the preceding experiment of which the 
details are given. 


IV. The nature of the product formed by the action of the ferment. 
The information obtained so far by acting on starch solutions with 
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the ferment extracts seems to show that the ferment is the same as the 
ordinary amylolytic ferment which can be prepared from almost any tissue 
in the body. But unfortunately the experiments on this point are at 
present incomplete, for in the first place I had no opportunity of 

measuring with a polarimeter the specific rotatory power of the sugar 
obtained by the action of the ferment on starch, and in the next place 
circumstances prevented a complete investigation of the properties of 
the product obtainable by its action upon glycogen. Strange to say all 
the comparative experiments with starch and glycogen showed that the 
action of the ferment on starch is usually much more energetic than on 


glycogen, so much so that in many cases not enough sugar could be 


obtained from the glycogen to admit of a detailed cxamination of it. 
The following is an account of the most complete examination which was 
made of the sugar obtained by the action of the liver-ferment on starch. 
20 grams of the prepared liver were extracted for two days with 40 c.c. 
of 10 p.c. sodic chloride solution. The extract was filtered and added 
20 grams of starch, which had been boiled with 2 litres of water and 
allowed to cool, The mixture, after the addition of a little thymol to 
prevent putrefaction, was then digested for 2 days at 38°C., after which 
time a portion, when tested with Fehling’s fluid, showed the presence 
of a considerable portion of sugar. The starch had not however 
altogether disappeared. The whole was next boiled, filtered, evaporated 
to a small bulk, mixed with 5 times its volume of 95 ps. spirit and 
boiled on a water bath. A considerable quantity of starch and some 


dextrin was thus precipitated and removed by filtration, and as the 


filtrate cooled a further precipitate of dextrin occurred which was also 
removed by filtration, The alcoholic extract thus obtained was allowed 
to stand for three weeks exposed to the air in the hope that as it 
gradually concentrated some sugar would crystallise out. As this did 
not take place the extract was concentrated to a small bulk on the 
water bath and again allowed to stand; but here again there was no 
deposit of any crystals even after a long time. Failing to obtain the 
sugar in this way, a strong solution of alcoholic potash was added, which 
produced a whitish precipitate, which did not however become obviously 
crystalline. This precipitate was carefully collected, washed with 
absolute alcohol and dried in vacuo over sulphuric acid. The mass thus 
obtained was next dissolved in 80 c.c. of water, yielding a perfectly clear 
pale yellow solution. This final solution was divided into two equal 
parts which may be called A and B. Of these B was boiled for one 
hour with 2 c.c. of hydrochloric acid (containing about 35 p.c. of pure 
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acid); it was then neutralised with sodium carbonate and made up 
again to the original volume, ie. 40 c.c. 
_ The amount of sugar estimated as dextrose in 10 c.c. of each of the 
portions A and B was then determined by means of Fehling’s fluid in 
the usual way. 

Three experiments with A gave 

(i) grm, (ii) grm. (iii) +0309 grm. 
or a mean of ‘0305 grm. 

Three experiments with B gave 

(i) 0499 grm. (ii) 0508 grm. (iti) 0542 
or a mean of (0576 grm. 

From this it is at once evident that the reducing power has been 
increased by boiling with the hydrochloric acid, and that consequently 
the sugar first formed by the action of the ferment was not dextrose. It 
would be rather premature to say that it was maltose, but it may be 
pointed out that the increase of reduction obtained by boiling with the 
acid is not very different from that which would have been observed 
had the sugar originally present been true maltose. But the important 
fact is that it was certainly not dextrose, and hence again the probability 
becomes very great that the ferment is merely the ordinary amylolytic 
ferment and not any specific ferment peculiar to the liver. 

In connection with this experiment the following test was made, 
which shows that the sugar formed in the liver post-mortem is, as 
Nasse, Seegen and Kiilz state, dextrose. The alcohol which had 
been used in the dehydration of the liver employed for the preparation 
of the ferment extract was evaporated to dryness on the water bath and 

then extracted with water. This aqueous extract contained much 
sugar, and gave a powerful reduction and precipitate of cuprous oxide 
with Fehling’s fluid. The percentage of sugar in it was estimated 
volumetrically both before and after being boiled with hydrochloric acid, 
and was found to be the same, showing conclusively that the sugar 
washed out from the liver during dehydration was dextrose. 

It:is unfortunate that circumstances have not permitted of a detailed 
examination of the product obtained by the action of the ferment on 
glycogen, but there is very little reason for supposing that the results 
would differ in any essential respect from those obtained with starch : 
indeed one or two experiments on a small scale showed that with | 
glycogen, the sugar formed is not dextrose, but some sugar with a much 
smaller reducing power. But on this - it is necessary to fii 
with a certain amount of reserve. 
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350 FLORENCE EVES. 


To sum up the general conclusions arrived at by the above investiga 
tion it appears that :— 

(i) ‘There is evidence of the existence of an amylolytic forment i in 
the liver which may be extracted in the way described, but the amount is 
yery small. This is the more striking when it is remembered that the 
liver used in each case had, in order to get rid of glycogen, been kept 
until the glycogen had disappeared, i.e, until such time that it might be 
expected there would be the maximum amount of ferment present. 
Moreover, since an amylolytic ferment can be obtained from blood, and 
since the blood-vessels of the livers used had not been washed out before 
the livers were placed in alcohol, it is only fair-to suppose that a portion 

at least of the ferment obtained in each case really came from the blood | 
and not from the substance of the hepatic cells, 

(ii) The sugar formed post-mortem in the liver is certainly, as 
known from the experiments of Seegen and Kiilz, true dextrose, and 
this was confirmed by an examination of the alcoholic washings of 
the livers used in this research, 

(iii) The sugar formed by the action of the liver-ferment when 
isolated is, at all events in the case of starch, and very. probably in the 
case of glycogen also, not dextrose, but some sugar with a much smaller 
reducing power. It may be maltose, but is certainly not dextrose, 
which is the really important point. 

This investigation seems to fully bear out the suggestion expressed 
at the outset that the post-mortem conversion of sugar in the liver 
is not to be attributed to a ferment action. The difficulty experienced 
in obtaining anything like a considerable quantity of ferment from the 
liver, apparently not more than can be obtained from almost any 
tissue’, renders the idea of a specifically important ferment-action 
in this organ improbable. Moreover since the sugar formed post- 
mortem is true dextrose and that which can be obtained by the action 
of the amylolytic ferment which can be extracted from the liver is not 
dextrose, then either the liver must contain a ferment which differs 
entirely from the amylolytic ferments of the body with which we are at 
present acquainted or else the post-mortem production of sugar in the 
liver is not due to amylolytic ferment action at all, The latter is on the 
whole the most probable view, and the rapid appearance of sugar in the 
liver after death is therefore rather to be attributed to the specific 
metabolic activity of the dying cells. This does not of course preclude 


1 See Ellenberger und Hofmeister. Arch. A wiss, u. prakt. Thierheilk. Bd. vut. 
1882, 8. 91. And Foster loc. cit. 
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the possibility that the subsequent more gradual formation of sugar in 
the dead liver is due to the action of the amylolytic ferment obtainable 
from the liver. But if the immediate formation of sugar is thus to be 
connected with the functional activity of the dying protoplasm, is it not 
also to be supposed that the normal production of sugar in this organ is 
also due to the same cause without the assumption of a deus ex 
machina in the form of a specific ferment? This view is also supported 
by what is known as to the probable cause of some forms of diabetes, in 
which there is every reason for supposing that it is due to an upsetting 
of the normal cycle of metabolic changes in the hepatic protoplasm, and 
for which there is at present no evidence that it is due to an abnormal 
formation of an amylolytic ferment. 

In conclusion I beg to offer my best thanks to Mr A. Sheridan Lea 
who very kindly superintended the above investigation, and to whose 
assistance throughout I am deeply indebted. 


October, 1884, 
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AN EXPERIMENTAL INVESTIGATION SHOWING 
THAT VERATRIA IS SIMILAR TO LIME SALTS 
IN MANY RESPECTS AS REGARDS THEIR ACTION 
ON THE VENTRICLE, ALSO SHOWING THAT 
VERATRIA AND LIME SALTS ARE RECIPROCALLY 
ANTAGONISTIC. By SYDNEY RINGER, MD., Pro- 
fessor of Medicine at University College, London. Plate XII. 


SoME time ago’, struck by the fact that lime and veratria salts each 
greatly retard the ventricular dilatation, did finding that, with regard to 
the lime salt, a potash salt prevents this retardation, I was led to try 
and ascertain whether potassium chloride would prevent the retardation 
arising from veratria, and found that potassium chloride answered 
completely, | 

The similarity in these respects between lime and veratria salts led 
me to experiment further to determine whether veratria acts similarly 
to lime in other particulars, In the end I find, in the following par- 
ticulars, a singular similarity between these two substances. | 

I, In order to sustain the contractility of the ventricle lime must 
be present in a circulating fluid, though only in minute quantity. I had 
hitherto found that without a lime salt no contraction is possible. Like 


lime, though in a much inferior degree, veratria will sustain contractility 


of the ventricle, In other words, in a circulating fluid a veratria salt 
can replace a lime salt, though imperfectly. 
II, A potassium salt antagonizes the effect of even toxic doses of 


 jime, and vice versa, toxic doses of lime antagonize completely toxic 


doses of a potash salt. So it is with veratria; a veratria salt antago- 
nizes the effects of a toxic dose of potassium chloride, and potassium 
chloride antagonizes entirely the effects of veratria, even when it has 
arrested the ventricle, Moreover the antagonism, as is the case with 


1 Practitioner, 


> E 
Te 
OW 
Nes 
ig 
« 
4h 
ig 
Bik 
Ys 
Pe > 
iy 
+ 


ANTAGONISM OF VERATRIA AND LIME. 358 


lime, is so complete, that after antagonizing the toxic effects of potas- 
sium chloride by veratria or of veratria by potassium chloride the 
ventricle beats quite naturally, though the circulating fluid contains 
these two substances, each of which when administered singly is 
sufficient to greatly weaken, or even to arrest the heart. 

In these experiments, except when the contrary is stated, I used a 
0°2°/, solution of Morson’s veratria and a 1°/, solution of potassium 

chloride, of sodium bicarbonate and of calcium chloride. 

These observations were made in the summer months of 1884. 

In the first place I will show that veratria, though only to an 
imperfect extent, can replace lime in a circulating fluid capable of 
- sustaining the heart's contractility. To make myself better understood, 
I may here state that a solution containing certain quantities of 
common salt, sodium bicarbonate, potassium chloride and calcium 
chloride, employed as a circulating fluid, will for many hours perfectly 
sustain the heart’s contractions, but, if lime is omitted, the contractility 
soon becomes suspended. Lime therefore in the circulating fluid is 
essential to the maintenance of the heart’s contractility. Now I find 
that in an imperfect degree veratria can replace lime. 

I first took a trace whilst the ventricle was fed with circulating 
fluid', Then I replaced this by 200..c. saline solution containing 2 c.c. 
sodium bicarbonate, 1°5c.c. of potassium chloride and 0°5c.c. of veratria 
solution. The ventricular contractions then rapidly grew weaker and 
the contractions soon assumed a characteristic veratria character. On — 
adding 13¢,c. of potassium chloride solution the weakened beats 
improved in stfength, and the spontaneous contractions, though re- 
gistering not a quarter so high as at the beginning of the experiment 
when the ventricle received circulating fluid, persisted an hour and a 
quarter under the influence of the veratria solution. I then replaced 
this veratria solution with circulating fluid. The contractions improved, 
but at first maintained the veratria character still more distinctively : 
then the veratria character of the beat gradually became less and less 
evident, and at last the beats became normal. 

This result. however I did not obtain in every instance, for in some 
cases the contractions grew weak and soon ceased. 

If a fluid is used of the same composition as the veratrized fluid 
-mainus the veratria the contractions speedily grow weak, soon stop, and 


1 The circulating fluid spoken of in these experiments consisted of 100c.c. saline 
solution containing 1 c.c. of sodium bicarbonate, 1¢.c, of calcium chloride and 0°75 ¢.c. of 
potassium chloride solutions, 
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induction shocks fail to excite contractions, showing that when the 
veratria is present the persistence of the contractions is due to this 
agent, 

The effect of veratria as a substitute for lime is however better 
shown in another way. 

I supplied the ventricle with the following circulating fluid :-— 
300 c.c. saline solution with 3¢;c; of sodium bicarbonate, 2 c.c. of potas- 
sium chloride, and 1 c.c. of calcium chloride solutions; that is with a 
mixture containing only a quarter the quantity of lime necessary to 
maintain good contractions in the summer months, especially if the frogs 


are weakly. 


The beats soon grew weak, At this stage I added 1c.c, of versiiaas 
solution and the contractions soon became strong. 

This result I have obtained in many cases, Here then we see that 
veratria strengthens a ventricle weakened by a too scanty supply of 
lime and the ventricle is made to contract fully. The veratria indeed 
acts as a substitute for lime. : 
I have already shown that a reciprocal antagonism exists between 
lime and potassium salts, and now I will proceed to show that there is 3 
reciprocal antagonism between veratria and potassium chloride. 

_ Potassium chloride quite obviates the effect of a poisonous dose of 
veratria and restores strong and natural contractions, and vice versa, 
veratria restores perfectly natural beats to a ventricle arrested by 

potassium chloride. | 

In the first. place I will give instances of the nullification of the 
effects of veratria by means of potassium chloride. A moderate dose of 
veratria, as for instance lc.c. of 0°2°/, veratria solution to 200 c.c, of 
circulating fluid, produces great irregularity of the cardiac contractions’, 
which toxic effects a moderate dose of potassium chloride entirely 
removes and restores quite natural beats, 

I first fed the ventricle with a circulating fluid composed of 200 c.c, 
of saline solution containing 2¢.c, of sodium bicarbonate, c.c. of 
potassium chloride and 1c.c. of calcium chloride solution, and then 
added to the circulating fluid 1 c.c, of veratria solution. The veratria 
strengthened the contractions considerably (see A, Fig. I Pl. XIT) and 
next produced great irregularity in the contractions, see B, I then added 


‘This irregularity is first one of tha 
depending, as I shall subsequently show, on the irregularity in rhythm, Ata later period 
incoordination of the ventricular muscular tissue comes on, through one ba. tia 
of unison with the rest. 
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3.c.c, of potassium chloride solution, which quite neutralized the veratria — 
effects and induced normal contractions, see B. and C. 

We have then an instance of the circulating fluid containing a 
poisonous dose of veratria and a dose of potassium chloride greatly 
in excess of the physiological quantity, and yet, from their mutual 
antagonism, the ventricle remains altogether unaffected by either, 
and perfectly normal beats remain. 

Larger doses of yeratria greatly weaken or even arrest the 
ventricle in diastole, and these effects a dose of potassium chloride, toxic 
per se, will quite neutralize. In the following instance the veratria 
greatly weakened the contractions. Hereafter I shall have occasion to 
describe an experiment where veratria arrested the ventricular con- 
tractions entirely. | 

I first took tracings under circulating fluid and then added 1 c.c. of 
0°5 °/, solution of veratria to 100c.c. of circulating fluid; this at first 
increased the strength of the contractions, then induced cereals action 
and next greatly weakened the contractions (Pl. XII.), see A. Fig. II. 
The addition of 10c.c. of potassium chloride solution removed the 
veratria effects and restored good natural contractions (see B). 

I next go on to show. that, like lime, veratria antagonizes a poisonous 
dose of potassium chloride. First, taking a tracing of the contractions, 
the ventricle being supplied with circulating fluid, .I then added 15 c.c. 
of 1°/, solution of potassium chloride to 200 c.c. of circulating fluid. The 
contractions soon grew weaker, whilst the height of the trace became 
greatly reduced, 

I then added some veratria solution 0°5 */ little by little. After 
adding 2c.c. good spontaneous contractions returned, as good almost as 
at the beginning of the experiment with circulating fluid simply. 
The contractions were quite normal, neither the contraction being 
prolonged nor the dilatation delayed. I then added another cubic 
centimetre of veratria solution and the beats grew much feebler, being 
reduced to one-third the size of the beats previous to the last addition 
of veratria, but. the beats still remained quite free from any veratria | 

character. 

Here then veratria strengthened a ventricle almost arrested by 
potassium chloride, but the potash prevented the veratria from de- 
veloping its characteristic modification of the beat, even though the 
veratria was added in a dose sufficient to greatly weaken the ventricle. 

I repeated this experiment in a modified way, as may be seen in 
the following account. | 

PH. V. 24 
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I first took a trace of the ventricle supplied with 200 c.c. of circu- 
lating fluid (see A: Fig. III.), and then added 14 ce. of 1 °/, solution and 
1:75 c.c. 0°5°/, solution of veratria. The ventricular contractions at first 
became more rapid, rather weaker, and a little irregular in height. The 
contractions then grew slower and stronger. 

Then the addition of another 05c.c. of veratria solution gave trace 
B. Fig. IIL, the contractions being as good though less frequent than 
with circulating fluid, Here then these two substances, potassium 
chloride and veratria, though each separately in sufficient quantity to 
completely arrest contractility in the ventricle, were almost ere, 
the one antagonizing the other. 

I then replaced the poisoned circulating fluid by 200c.c. fresh 

circulating fluid. In two minutes the trace showed well-marked 
veratria effects, which gradually disappeared, and in six minutes the 
trace became quite normal. I then added 14c.c. of potassium chloride 
solution, the same quantity employed when mixed with veratria, this 
quickly weakened almost to extinction the setae contraction, 
see 

Next I added 2°25 of 0°5°/, veratria solution, the contractions 
quickly improved and in twelve minutes the ventricle gave trace D. 

' Here then potash almost stopped the ventricular contraction and 
veratria restored good contractions. Again I replaced the poisoned 
circulating fluid by 200 c.c. of circulating fluid, and as before the heart’s 
trace showed well-marked veratria effects, proving that potash having a 
higher diffusion or a weaker affinity for the tissues than the veratria is 
removed more quickly from the tissues of the heart. The veratria effect 
soon disappeared. I then added to the 200c.c. circulating fluid 25 cc. 
of veratria solution and obtained the effect recorded in trace E. Fig. IIT. 
This dose of veratria then well-nigh arrested the ventricular contractions, 
reducing them to a wavy line. I then added 14c.c. of potassium 
chloride solution, which quickly improved the beats, but only to rather 
more than a third of the strength at the beginning of the experiment. 
It struck me that the ventricle with all this varied treatment must be 
weakened and that possibly, under these circumstances, the potash might 
take more effect. So I again supplied the ventricle with a fresh 200 c.c. 
of circulating fluid, and again at first well-marked veratria effects 
appeared, which however passed off and the contraction became quite 
normal. I then added 2c.c. of veratria solution to the 200 cc. circu- 
lating fluid and soon the traces became reduced to a wavy line, the 
ventricle being well-nigh arrested. I then added 5c.c. of potassium 
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chloride solution, which quickly. strengthened the beats, as is seen in 
trace F. Fig. HI. Some veratria effects remaining, I added 2 cc. of 
_ potassium chloride solution and produced good contractions, see G. 

_ In this experiment, the simultaneous addition of both veratria and 
potassium chloride in toxic doses produces very little effect on the trace ; 
but the same dose of potassium chloride administered alone all but 
arrests the ventricle, whilst the addition of the same dose of veratria 
obviates the effect of the potash salts and restores good contractions to 
the ventricle. Further, on replacing the poisoned circulating fluid by 
a fresh supply of circulating fluid, then adding the same dose of veratria, 
the ventricle undergoes arrest in diastole, but the addition of the same 
dose of potash neutralizes the veratria effects. Potassium chloride and 
veratria are therefore reciprocally antagonistic. In the first part of this 
experiment the circulation contained potash enough or veratria enough 


when administered singly to arrest the ventricle, but administered 


together they remain inoperative. 


Temperature modifies the antagonism between veratria and potassium 


chloride, as it does the antagonism between calcium and potassium salts 
and the antagonism of atropia for aconitia. 

Whilst in hot weather potassium will still completely antagonize 
veratria, veratria on the other hand only partially antagonizes a large 
dose of potassium chloride ; and a much smaller dose of veratria must be 
used, for the dose adequate in cool weather acts so powerfully that 
it weakens or arrests the ventricle. 


EXPLANATION OF FIGURES. PL. XII. 


I. 


Shows the effect of a dose of veratria insufficient to arrest the ventricle, 
but sufficient to produce extreme irregularity of bg rhythm and force of the 
beat and marked incoordination. 

A. Shows the strengthening effect of veratria on the ventricular contrac- 
tions: the veratria was added at the point indicated by an arrow. 

B. Shows the effect of adding 1 c.c. of 0-2 °/, solution of veratria to 200 c.c. of 
circulating fluid, and also the antagonizing effect of 3c.c. of 1 °/, solution of 
potassium chloride, which were added at the point indicated by an arrow. 

©. Shows the effect of the potassium chloride twelve minutes later than 
the preceding trace, 

24—2 
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Fia. 


A. Shows the effect of lc.c. of 0:5 veratria solution added 40: seconds 
before the beginning of the trace to 100 cc. circulating fluid. At the point 
indicated by an arrow 10c.c. of 1 */, solution of potassium chloride were alided, 
which quickly antagonized the effect of the veratria. _ 


B. Shows the trace twelve minutes after the addition of the potassium — 


chloride, 


Fic. 


A. Trace taken with artificial circulating fluid. 
B. After adding to 200c.c. of circulating fluid 14 c¢.c. of 1° ', solution 
of potassium chloride and 2°25 c.c. of 0°5°/, solution of veratria. 

C, Trace with circulating fluid. 14 c.c. of potassium chloride solution were 
added at the point indicated by an arrow. | 
D, After the addition of 2-25 c.c. of veratria solution. : 

E. Showing the effect of 2°5c.c. of veratria 0:5°/, solution to C.C, 
circulating fluid at the point indicated by an arrow. 


F. Showing the effect of adding to the above solution containing oes 


5.c.c. of potassium chloride solution. 


_G. Showing the effect of the further addition of 2c.c. of potassium chloride 
solution. 
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SOME OBSERVATIONS ON THE INFLUENCE OF THE 
VAGUS AND ACCELERATORS ON THE HEART &c. 
OF THE TURTLE. By T. WESLEY MILLS, Demonstrator 
of Phystology, McGill University, Montreal. 


In October 1880 Profiuecs H. Kronecker, when he was in the 
Zoological Station of Prof. Dohrn at Naples, made some observations 
on the innervation of the heart of sea turtles, known as Thalassochelys 
corticata (Rondelet), He communicated the results at that time to 
Prof. E. du Bois-Reymond, Secretary of the Academy. of Science at 
Berlin, because he felt it due to the Academy which placed a com- 
partment in the Zoological Instituté at his disposal. : 

The essential results of these observations are as follows: 

1. The Vagus of each side, when irritated, has power to stop the 

heart's action... 
2. When the ventetala of the heart is exhausted bey stagnating 
blood, until it only makes peristaltic movements, while the auricles, which 
are more resistant, still beat perfectly, stimulation of the Vagus inhibits 
the beats of the auricles but has no influence on the peristaltic move- 
ments of the ventricle, After kneading the ventricle the coordinated 
beat returned and then the Vagus influenced it as usual. 

3. The sea turtles possess accelerator-nerves the course of which is 
similar to those of mammalians and, as Gaskell recently discovered, of 
the crocodile. 

In the first experiment made by Mr Kronecker the Accelerator- 
nerve of the right side, when stimulated by tetanizing induction currents, 
while the heart was beating 11 times in one minute, increased after a 
long period of latency to 18 beats in one minute, and the effect 
remained after the withdrawal of the stimulus so that it was not until 
after one minute that the rate was reduced again to 11 per minute. 

In the second and third experiments, the combined stimulation of 
the Vagus and Accelerator proved the preponderance of the effect of 
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the stimulated Vagus over that of the Accelerator, as Bowditch and 
Baxt showed in the case of the dog. 

In one case, where two branches passed from the ganglion stellatum 
of the sympathetic to the Vagus embracing the Arteria Subclavia, while 
the stimulation of the upper branch on the left side accelerated the 
beats, the stimulation of the lower one on the same side had a 
retarding effect. On the meee side stimulation of both had a retarding 
action, 

On August 2nd, 1884, the writer of these notes in conjunction with 
Professor Kronecker made the following observations on a sea: turtle 
(Testudo cephalo) obtained from the Berlin Aquarium. The Vagus of 
each side had a controlling influence over the heart so long as stimulated, 
causing absolute stand-still for several minutes, 

- On the left side we were unable to find any Accelerator ; however, 
stimulation of a very fine nerve-branch of the Vagus caused stand-still, 
and as an after-action (Nachwirkung) very marked increase in the pulse 
rate which lasted several minutes. This was arrested by stimulation 
of the Vagus. Shortly afterwards stimulation of this nerve had no 
influence either in retarding or accelerating the heart’s action. This 
nerve was traced to a ganglion very high up on the Vagus and seemed 
to run without giving off branches into the thoracic cavity, but having 
broken off low down could not be accurately traced throughout. It 
reminded one very forcibly of the Depressor of the rabbit.. 

On the right side, at about the depth of the Arteria Subclavia, two 
fibres joining ganglia on the sympathetic and vagus were found, both of 
which, but especially the lower one, had an accelerating action, thus: 


_ By stimulation the pulse rate was increased from between 3—5 to 8°5, 


9°5 and 10 in the minute. The acceleration was preceded by a half 
minute of latency, and the after action lasted from one minute to a 
minute and a half. Stimulation of the Vagus arrested this acceleration 
at once. After this however the pulse rate for the four succeeding 
minutes was respectively 0, 10, 4, 0. After stimulation of the Accele- 
vator for one half minute the rate was increased during the first 
minute from 3—5 to 11, and then in the eed minutes following fell to 
7, 3, 0, 3 respectively. 


II. Influence of the Vagi nerves on the Venw Cavw Superiores, 

A few days before making the experiments last detailed, baving 
called Professor Kronecker’s attention to the pulsating right vena 
cava superior (the other having been removed) of a land turtle (Emys 
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lutaria), we at once proceeded to try the effect of Vagus stimulation on 
this vessel and with the result that, while the left Vagus had no influence 
whatever over its rhythm, it was readily stopped by stimulation of the 
right nerve, and this as often as the experiment was tried; it behaved 
in fact in this respect exactly like a heart. A few days after I made a 
more careful examination of this subject on the only species of land 
turtle then obtainable (Testudo greca). Stimulation with the inter- 
rupted induced current, using one Daniell’s cell, when the secondary 
coil was at 15cm. from the primary, produced precisely the same effect 
with each Vagus, viz. complete stand-still of the heart. 

The heart was then completely removed to the roots of the Venw 
Cave Superiores. These veins were observed peating with a regular and 
equal rhythm. 

With the secondary coil at its former position no effect was observable 

on stimulation ; however, when it was gradually shoved up till it reached 
9cm., stand-still of both veins was at once produced; and on the cessation 
of the stimulation the rhythmic pulsation after a definite interval 
recommenced. The period of pause before the rhythm was resumed 
was much longer (about 10°12 seconds against 4°5) in the case of the 
heart after stimulation sufficiently strong to stop it, than in the case of 
the veins; while the stimulus necessary to produce stand-still was in the 
case of the latter much stronger. The corresponding veins in the sea 
turtle examined by us were not pulsatile, 
_. My own observations on this subject with those in iniansiion with 
Professor Kronecker himself were made in the department for special 
physiology in the Berlin Physiological Institute; and it is with great 
pleasure I acknowledge the courtesy and kindness always extended to 
me in that laboratory by the accomplished physiologist under whose 
direction it is. 
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ON THE ANATOMY OF THE CARDIAC NERVES IN 
CERTAIN COLD-BLOODED VERTEBRATES. By W. 
H. GASKELL, MD., F.RS., anp HANS GADOW, Ph.D., M.A. 
From the Physiological Laboratory in the University of Cambridge. 


THE intention previously expressed by one of us’ of investigating 
the action of the sympathetic cardiac nerves in various cold-blooded 
animals made it necessary to compare the anatomical distribution of 
these nerves in as many different species as possible, The object of 
this paper is therefore, first, to state whether the anatomical features of 
the nerves in question are constant, or subject to important variation ; 
secondly, to illustrate by diagrams and descriptions the topographic and 
other anatomical relations of those particular nerves in each animal, 
the functions of which it was advisable to examine. This and the 
desirability of a comparison and the tracing of the homologies in the 
various animals lead necessarily to the investigation of the whole of the 
thoracic and cervical sympathetic also. As far as possible the correct- 
ness of the anatomical results has been supplemented by the examina- 
tion of the physiological action of the nerves, as by such means only 
can the true distribution of fine nerve filaments be accurately 
determined, 

In this present paper we confine ourselves to the Crocodilia, Chelonia, 
and Batrachia. We have examined the following species, 

Crocodilus biporcatus’, 

Crocodilus acutus. 

Alligator mississippiensis ; about 6 specimens, the largest of which 
measured about 5 feet in length. (Bought from Hagenbeck, Raat) 

Alligator sclerops. 

Testudo graeca. Many specimens. 


1 Journal of Physiol. Vol. v. p. 46, 

* For a specimen of three feet in length we are indebted to J. Carrington, Esq., the 
scientific director of the Royal Aquarium, Westminster. Other specimens, 25 in number 
and measuring about one foot in length, were procured alive through the kindness of Sir 
. Joseph Fayrer and Dr Kynsey, Colombo, shinai 
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Chelone imbricata. Spirit specimen, To 

Rana temporaria. — 

The results arrived at are based upon the examination of a 
considerable number of individuals. 

We append a list of the more important papers. 


Alligator. We commence our account with the Crocodilia because 
they possess the nearest approach to an ideal symmetrical and yet 
elaborate arrangement of the sympathetic nervous — of any animal 
which we have at present examined. 

In the thoracico-lumbar region (Figs. 2 and 4) wads metamere possesses 
a pair of sympathetic ganglia which lie close to and are connected 
with the spinal nerve by a very short Ramus communicans. These 
metameric ganglia of each side are connected with each other by 
a chain situated immediately on the vertebral column, accompanied 
by vertebral arteries and veins (Grenzst rang or main trunk of sympa- 
thetic chain), From each sympathetic basal ganglion peripheral 
branches are sent off, which anastomose with each other and with those 
from the other side, at the same time having in the plexuses thus 
formed peripheral ganglia interspersed in them, From the 11th spinal 
nerve forwards, towards the head, this arrangement changes, Whilst 
the 12th and the following vertebre possess only single transverse 
processes, on the ventral side of which the sympathetic chain described 
above runs along, all the vertebre from the 11th to the 2nd have 
double transverse processes, viz. a dorsal and a ventral one, to which 
the tubercula and capitula of the ribs are respectively attached. In the 
transverse vertebral canal thus formed, the anterior or ascending vertebral 
vessels run headwards together with the main trunk of the cervical 
continuation of the sympathetic system. Between the 11th and 10th 
vertebree both the arteria and vena vertebralis enter the vertebral 
column, each of them dividing caudal and headwards into the posterior 
(descending) and anterior (ascending) vertebral vessels, The basal 
sympathetic ganglion of the 11th metamere (Figs. 1 and 2 Pl. XI.) is con- 
siderably stronger than the others, and sends a strong peripheral branch 
towards the heart, accompanying the vertebral artery and vein, the nerve 
fibres sometimes passing on either side of the vertebral artery. The 
_ basal ganglion of this 11th metamere we propose to call the G. cardiacum’; 

2 It is not advisable to call this the G. thoracicum primum, because in Crocodilia and 
Birds it belongs to the 2nd or 3rd thoracic nerve. The idea that the demarcation between 


cervical and thoracic region should be indicated by this cardiac nerve rests upon bare 
assumption only. 


A 
> 
“ag 
| 
43 
kag 
ae 
wh 
og 
‘ay 


364 W. H. GASKELL AND HANS GADOW. 


it corresponds partly with the @. stellatum of mammalia, The peripheral 
branch might be called the Ramus curdiacus, or R. pneumo-cardiacus ; j 


it divides into three branches, which leave the vertebral vein at its 


junction with the superior vena cava and run along the latter vein with 
branches of the vagus between the heart and the lungs, From thence, 
together with the vagus branches, they pass partly to the lungs and 
partly to the venous portion of the heart. All the cardiac branches of the 
vagus leave its main stem below the ganglion trunci vagi, with the 
exception of one well-defined branch, which always passes out directly 
from the ganglion itself, and running between the aorta and arteria 
pulmonalis reaches the heart on the arterial side instead of on the venous 
side. This nerve is in all probability the homologue of the N. depressor 
in other animals. | | 

We see then that the cardiac sympathetic fibres pass to the heart 
from the ganglion of the 11th metamere as a distinct nerve, which has 
no direct communication with the vagus, and stimulation of this nerve — 
distally to its exit from the ganglion accelerates and augments the 
heart’s action. This then, the simplest arrangement of the cardiac 
nerves, would be represented by diagram, Fig. 5. | 

We have now to follow up the course and composition of the rest of 
the sympathetic system. 

From the G. cardiacum towards the head the ivaninthatts chain, now 
running inside the transverse canal, receives a communicating branch 
from each spinal nerve, which leaves the nerve somewhat distally 
from the spinal ganglion, and is longer than the corresponding com- 
municating branches in the thoracico-lumbar region (Fig. 3). 

We propose to call the main stem thus produced the Sympathicus 
basalis s. lateralis. It is the continuation of and serially homologous to 
the basal chain in the thoracico-lumbar region. This arrangement is some- 
what changed in the region of the first two cervical vertebra, because the 
sympathetic chain does not receive any rami communicantes from the Ist 
and 2nd spinal nerves, nor from the N. hypoglossus, which sends a short 
and strong branch to the Ist spinal nerve. The sympathetic chain runs 
simply past the two first spinal nerves, viz. through the notch between the 
capitulum and tuberculum of the long second cervical rib, then laterally 
over the base of the first cervical rib, then closely adpressed to the 
surface of the body of the vertebra, medially from the N, cervic, I. over 


? This is Fischer’s Sympath. profundus cervicis in Crocodiles = Symp. superficialis 
cervicis in Lizards, : 
Quain’s Sympath. vertebralis. 
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the space between atlas and occiput. Medially from the root-portion of 
the Hypoglossus it bifurcates, one extremely fine branch going to the 


root of the 11th and a stronger one to the ganglion of the 10th pair ot 


cranial nerves. There are no ganglia whatever headwards from that of 
the third spinal nerve, _ 

In the close vicinity of these two onnlaks branches of the basal 
cervical sympathetic a strong twig is given off from the vagus ganglion 
and a much finer one from the root of the 11th (or perhaps the anterior 
root of the 12th) pair of cranial nerves. The united branches fourm a 
nerve which runs ventrally over the M. intertransversarius and the M. 
rectus capitis anticus towards the middle line, where it joins its fellow of 
the other side somewhere at the level of the middle of the 2nd cervical 
vertebra, The nerve is now frequently impar and quite median; it 
is covered on the ventral side by the arteria subvertebralis, and passes 
the roots of the first four cervical nerves without having any communi- 
cation with them. The 5th—8th basal sympathetic ganglia however 
each send a fine ramus around the latero-ventral aspect of the vertebre ; 
these rami meet those from the other side in the middle line to forma 
median branch, which then directed vbliquely headwards joins and thus 
composes the so-called N, sympathicus impar. Where these median 
branches join the median stem small ganglia are sometimes found. As 
yet we have been unable to decide whether there are similar branches 
coming from the 9th, 10th and 11th metameres. Even in an Alligator 
of more than five feet in length and in a quite fresh condition, the 


impar stem between 7 and 8 was almost invisibly thin, and we failed © 


in tracing its continuation towards the thorax. 

It is important that the whole median sympathetic increases steadily 
in thickness towards the head; for instance, the two branches from the 
‘7th m. spinal metamere are actually stronger than the median stem itself 
is posteriorly. From the latter we have traced fine nerve branches to 
the A. subvertebralis and to the neighbouring tissues. If we assume, what 
is highly probable, that this median chain is continued on to the. basal 
sympathetic ganglia of the 9th, 10th and perhaps 11th spinal nerves 
(see Fig. 5), it seems reasonable to compare this chain‘ to the peripheral, 
double (right and left) or often plexiform chain in the thoracic and 
lumbar region. The ganglia in the median cervical chain might then 
represent those in the splanchnic plexuses. It is probable that tis 


1 (Prevertebral sympathetic system of Quain.) Deep cervical sympathetic of Lizards 
and Symp. medius s, impar of Crocodiles; Fischer, Symp. impar, Crocod. Stannius, 
- Vogt; Symp. profundus Crocod. Vogt. 


Sa 
ag 
ig 
od 
AS 
a 
4, 
Ox 
< 
‘ 


366 W. H. GASKELL AND HANS GADOW. 


median chain, which we propose to call, on the strength of the above 
considerations, NV. sympathicus collateralis cervicis, contains the vaso- 

motor elements for the unpaired A. subvertebralis peculiar to the © 
crocodilia and its intracranial branches, However, as stimulation of 
this chain had no effect at all on the pupil of the eye, it cannot be the 
complete homologue of the superficial cervical sympathetic of the mam- 
malia. 

Testudo graeca (common Land Tortoise). Caudalwards of the 11th 
pair of spinal nerves the sympathetic chain is constructed similarly to 
that in the crocodilia, with the exception that the basal sympathetic 
ganglia together with the main trunk or “Grenzstrang” are rather 
further removed from the spinal column and are less regular. 

_* At the root of the 10th pair, which in the Chelonia with their nine 
cervical vertebre marks the beginning of the thoracic region, the main 
trunk of the vertebral artery enters (Fig. 6, 6 a) and the arrangement 
of the nerves assumes a new aspect. It may be mentioned here that 
generally the 6th—9th spinal nerves take part in the composition of the 
brachial nerve plexus. The rami communicantes from the 10, 9, 8, 
7th, and probably also from the 6th spinal nerves are rather long, and 
the cervical ganglia of the sympathetic are therefore far removed from 
‘the vertebral column. There are frequently three ganglia, of which 
those belonging to 10 and 9 are usually united into one, which there- 
fore has been called ganglion fusiforme; it probably corresponds to the 
ganglion stellatum of the mammalia. 

The next two ganglia might be called the inferior and erereanes cervical 
ganglia respectively. 

Regarding this region great individual variations however dei occur, 
even with respect to the right and left sides. Thus the lower cervical 
ganglion may be absent as an independent part, probably in these cases 
being fused with the middle cervical, or all the ganglia may form one 
big ganglionic mass (typical G. fusiforme of the mammalia and certain 
Lizards, e.g. Salvator meriane). The sympathetic trunk of this region 
accompanies the vertebral artery and part of the subclavian, sometimes 
forming a distinct annulus Vieussenii (Fig. 6a). It is then continued 
headwards rather superficially, that means to say just as superficial 
as the N. vagus, which the sympathetic chain meets at about the level 
of the 5th cervical vertebra. Although lying so closely against the 
vagus as to appear connected with it, it is in all cases easily separable 
from it, and it receives no rami communicantes from the first five spinal 
nerves, It accompanies the vagus to the head where in Emys, accord- 
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ing to Bojanus, it is in a variable way-connected under formation of a 
ganglion cervicale supremum with the 12, 9 and 7th ae of cranial 
nerves, 

The R. communicans from the 10th pair of spinal nerves is one of 
_ the strongest branches which the sympathetic receives. From the G. 
stellatum and that of the 11th pair fibres are sent to the muscular 
coating of the lungs, some of which fibres are, after. Moale and Martin, 
probably derived from the ventral branches of the spinal nerves (Fig. 7). 
From the ganglion cervicale medium or (if they are all united) from the 
upper end of that mass are sent off one or more well-defined cardiac 
nerves, They pass to the heart and pericardium in a way similar to that 
of the Crocodile, entering the heart together with vagus fibres between 
the pulmonary vessels and the vena cava. 


One rather strong branch from the vagus always enters the best i 


with the large arterial vessels, and is probably likewise accompanied by 
sympathetic fibres. Besides these cardiac nerves another fine nerve is 
apparently given off from the cervical sympathetic (Fig. 6, d) to pass 
directly to the heart. This nerve is in very close connection with the 
sympathetic but can be traced as a separate nerve to the occipital 
region, where it leaves the sympathetic and joins the G. jugulare of the 
vagus, This nerve would correspond therefore in its course to the N. 
depressor in mammals. 

- Stimulation of the sympathetic chain at the ramus communicans 
from the 10th metamere, or any part of the chain between 10 and the 
ganglion y (Fig. 6), or of the ramus cardiacus, causes*most marked 
acceleration of the heart and augmentation of the auricular contractions. 

Stimulation of the cervical sympathetic chain, at any part between 
the head and the ganglion +, causes dilatation of the pupil opening of 
the eyelids, and retraction of the membrana nictitans, 
 Emys europea (common Water Tortoise). The ganglionic chain of 
the sympathetic between the 6th and 10th spinal nerves varies much 
regarding number and position of the ganglia. Rami from the 10th—6th, 
but none from the first five cervicals are present, Rami cardiaci are sent 
off from the ganglion cervicale medium, meeting and perhaps macadamia 
with the cardiac branches of the vagus (Bojan us). 

Chelone imbricata (Fig. 7). (The marine Turtle, closely allied to the 
common Green Turtle.) In our specimen rami communicantes were 
traced with certainty between the two lower ganglia and the brachial 
plexus. One ramus cardiacus was given off by the middle cervical 
ganglion high up in the neck, and entered the heart along the aorta, 
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running closely together with the vagus of its side. On the left a fine 
branch running from the ganglion cervicale medium into the slight 
swelling of the ganglion trunci vagi could be traced with certainty. It 
probably simply accompanied the vagus in its course 'to the heart instead 
of running free. 

It has been said that the Chelonians possess a , double sympathetic siaie 
in the thoracico-lumbar region, viz. one chain, the main trunk described | 
above, running on the ventral side from the transverse processes and the 
rudimentary ribs, and a deep chain which, likewise running from ganglion 
to ganglion, is situated dorsally from the ribs, i.e, inside the triangular 
space enclosed by the vertebrae, the ribs and the carapax, which space 
is perhaps comparable. to a thoracic continuation of a canalis vertebralis 
s. transversus. Such a deep chain does not exist in Testudo, nor in 
Chelone, nor is it mentioned by Bojanus in Emys. It is probable that 
the peculiar fine tendinous strings, extending between two and two 
transverse processes and running right through between the several 
rami ventrales of the spinal nerves and inside the triangular space just 
mentioned, have been mistaken for nerves because of their rather 
striking superficial resemblance to such. This of course does not 
exclude the existence of numerous small branches of sympathetic nerves 
sent from the existing chain to the vessels placed inside that we 
Space. 

Rana (Figs. 9,10). The rami of the 
sympathetic chain are well marked and long in the thoracico-lumbar 
region up to the 3rd spinal nerve. The ram. comm. from this nerve is 
the strongest. The ganglia are further removed from the spinal column 
than even in the Tortoise. The same is the case with the ganglia of 
the 2nd metamere; it is the largest, whilst its ramus communicans is 
represented by several fine and extremely short fibres, which attach 
their ganglion closely to the 2nd spinal nerve. In some cases the 2nd 
and 3rd metameric ganglia are fused into one. The ganglion of the first 
spinal nerve is large, but smaller than that on the second; it is connected 
with the first spinal nerve in a similar way as the second to its nerve 
without a distinctly marked ramus communicans, The main trunk 
between the first and the second ganglion is split into two or three 
separate divisions through which the subclavian artery always passes, 
thus constituting a true annulus Vieussenii. Headwards from the Ist 
ganglion the main trunk continues as a strong single chain, covered 
ventrally by the M. levator anguli scapule and in close vicinity to the 
arteria occipito-vertebralis, Roughly speaking the chain joins the 
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CARDIAC NERVES. 369 
vagus stem between the united vagus and glossopharyngeal ganglia, 
and the vertebral column. There the fibres split, some passing along- 
side the basal stem of the vagus into the cranial cavity, the rest accom- 
panying the vagus group peripherally. Under the dissecting microscope 
some of these fibres can be traced directly into the vagus nerve without 
apparently having any connection with the vagus ganglion. They pass 
to the heart, as proved by the following experiment. 

Stimulation of the sympathetic chain between ganglion 1 and the 
vagus ganglion, and also stimulation of the chain between ganglia 2 
and 3, causes marked acceleration and augmentation of the auricular 
and ventricular contractions. Stimulation between 3 and 4 produces 
no effect whatever upon the heart. 


Summary. 

_ Those cardiac sympathetic nerves which markedly accelerate the 
rate of the beat and augment the strength of the contractions of the 
heart, have in all the cold-blooded animals hitherto examined a similar 
course, 

In the Crocodilia they come from one sympathetic besa! ganglion 
which as a rule belongs to the last spinal nerve partaking of the com- 
position of the brachial plexus (11th spinal nerve, 2nd or 3rd thoracic). 

In the Chelonia the rami cardiaci come chiefly from a ganglion at the 
level of the 10th spinal nerve, i.e. 1st thoracic and one number behind | 
the brachial plexus. We are at present unable to tell, without more 
comprehensive experiments and examination of various other vertebrata, 
whether this ramus cardiacus in its course to the heart runs past the 
ganglia 8, vy, 8, or if it is augmented by communicating branches from 
the brachial plexus. — 

In the Frog the chief cardiac basal ganglion is attached to the 3rd 
spinal nerve, i.e. the last brachial. Regarding the ganglia on the 2nd 
and Ist spinal nerves the same doubts prevail as in the Chelonia. 

We see therefore that, no matter if only one or more ganglia and 
rami communicantes partake in the formation of rr. cardiaci accele- 
rantes, oné ramus communicans and one ganglion which we call the 
ganglion cardiacum basale has in all the animals examined a brachial 
or rather post-brachial position, corresponding with the point of entrance 
of the chief or original stem of the arteria vertebralis. Roughly 
speaking this anatomically and physiologically very important centre is 
situated in the upper thoracic region, but it can neither be called the 
first thoracic ganglion (because it is not this in the Crocodile; Bird or 
Frog) nor can it be distinguished as the ganglion stellatum or fusiforme, 
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because these terms imply peculiarities of the ganglion which are not 
_ universally present. The name Ganglion cardiacum basale avoids these 
difficulties and is applicable to all vertebrata, provided there be only one 
such ganglion. If there be two or more, their strict homologisation 
in different animals becomes utterly impossible owing to the non- 
existence of a reliable homologous point of zero from which to count 
between the occiput and the sacrum. 

If we compare the arrangement of the sympathetic cardiac nerves : of 
warm-blooded animals with that of the SORE nae, we find a great 
similarity between them. | 

In the Dog they pass from the ain stellatum along the 
annulus of Vieussens to the inferior cervical ganglion and from thence 
to the heart, or partly from the annulus itself, without all the fibres 
reaching the inferior cervical ganglion (Schmiedeberg). 

In the Cat they pass partly from the ganglion stellatum along the 
annulus to the inferior cervical ganglion and from thence to the heart by 
way of the vagus nerve, partly from the ganglion stellatum itself 
(Boehm), 

In the Rabbit they pass from the ‘deste cervical ganglion directly 
to the heart, entering the ganglion, according to v. Bezold, by the radix 
longa or vertebralis and by the radix brevis. Here apparently is an 
exception to what is found in other animals. In the rabbit however 
these ganglia lie so close together, sometimes nearly fused, sometimes 
distinctly three separate ones, that it is difficult to be sure that v. Bezold 
really meant the inferior cervical ganglion when he speaks of the 
ganglion stellatum, although from his description he certainly seems to 
do so; further, he did not attempt to stimulate the nerves forming the 
annulus of Vieussens, so that we are inclined to think there is no real 
exception here and that the cardiac sympathetic nerves which un- 
doubtedly pass to the heart from the middle or inferior cervical ganglion 
reach their point of departure in this case also by means of the annulus 
of Vieussens. 

Finally, in Man three sympathetic cardiac nerves are always de- 
scribed: superior, middle and inferior cardiac, the strongest of which is 
the middle cardiac. Under a lens it i3 easy to see that this latter nerve 
passes from the inferior cervical ganglion to the middle cervical ganglion 
and thence to the heart; the thickness of the sympathetic between 
these two ganglia is equivalent to the thickness of the middle cardiac 
nerve together with the cervical sympathetic after it ne the middle 
ganglion to ascend headwards, 
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Clearly then the middle and inferior cardiac sympathetic nerves of 
‘man are those which accelerate and augment the action of the heart. 
Finally, considering the presence of a nerve in the Chelonians which 
resembles anatomically a typical depressor, there is reason to believe 
that a depressor nerve is not confined to certain warm-blooded animals 
but exists as universally throughout the vertebrate kingdom as the ac- 
celerator or inhibitory nerves. Regarding the mammalia Finkelstein 
has given the anatomical reasons for believing that depressor nerves 
exist not only in the Rabbit and Cat, but also in the Dog, Horse and 
Man, these nerves being in the latter frequently, if not always, 
intimately associated with the superior cardiac sympathetic nerve. 

We intend to extend our investigations over all the chief groups of 
vertebrata, especially over Fishes, Urodeles, Lizards and Snakes, in 
order to decide whether cardiac nerves with separate functions as 
depressors, accelerators and inhibitors, is an intrinsic universal character 
of the vertebrate cardiac system. In connection with these investiga- 
tions we hope to throw some light on the comparative anatomy and 
physiology of the cranial and cervical sympathetic system. 


EXPLANATION OF PLATE XI. 


The arteries are marked by a single, the spinal nerves by a double system 
of cross-lines. 
The following general symbols have been used : 
I, II, ITI, ete., Nos. of spinal nerves. 
A. v, = Arteria vertebralis. 
V. v. = Vena vertebralis, 
c. sy. = cardiac branches of sympathetic. 


g. t.v. = Ganglion trunci vagi. 
_ Sy. = main trunk of sympathetic (‘‘ Grenzstrang”). 
V. = Vagus. 
Fig. 1. Alligator mississippiensis. Nat. size. Left side, ventral view. 
A. svb. = Arteria subvertebralis. 
car. = Carotis sinistra. 
L. = Left lung. 
Fig. 2, Alig. missis, Enlarged. Left-side, ventral view. Origin and 
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relation of cardiac sympathetic. The a. vertebralis turned aside. g.c. b. 
Ganglion cardiacum basale on 11th spinal nerve. 

Fig. 3. Crocodilus biporcatus. Diagrammatic. To show the formation of 
the Sympath. impar s. collateralis in the region of the 5th and 6th cervical 
nerves. Sy. cl. Sympath. collateralis or Sympath. impar, with ganglia. 
g. 6. basal ganglia. 

Fig. 4. Crocod. biporcatus. Sympathetic system in region of 16th 
spinal nerve. Sy. Sympath. lateralis ; r. d, r. v. dorsal and ventral — 
of spinal nerves, 

Fig. 5. Diagram to dhow Crocodilian arrangement of cervical and part of 
thoracic sympathetic system. 

Fig. 6. Testudo graeca. Nat. size. Right side, lateral view. Heart 
vessels removed from natural position. 

a, B, y, 8. basal ganglia of the sympathetic, connected with the 10th to 7th | 
spinal nerves. 

Fig. 6a. Testudo graeca. Another to show individual variation 


of the sympathetic. 


Fig. 7. Chelone imbricata. Nat. size. Right side, ventral view. 

Fig. 8. Diagram to show Chelonian arrangement of cervical and thoracic 
sympathetic. 

Fig. 9. Rana temporaria, 4% Ventral view of sympathetic. 

Fig. 10. Diagram of Batrachian sympathetic. 
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PROCEEDINGS 
PHYSIOLOGICAL SOCIETY, 
1884. 


| No. I. January 19. 


1. Dr J. Mortm™er GRANVILLE made the following communication 
on Nerve Vibration and Nerve-excitation, or “Stimulating Percussion.” 

Hitherto this has been spoken of as “nerve-vibration and excita- 
tion” but at the suggestion of Professor Gerald Yeo, the author 
wishes to call it “stimulating percussion”; because so far as the 
excitation of nerves is effected, this is an. expressive and accurate 
designation of the means by which that end is accomplished; and— 
although the author adheres to his hypothesis of molecular vibration 
induced by coarse vibrations mechanically set up and propagated 
through the tissues surrounding the nerve, and subject to the physical 
law of concords and discords—he fully recognises that this is only a 
hypothesis, and that as yet he is unable to prove it. The author showed his 
apparatus, percuteurs, &c, and summarized the results he had obtained 
under two heads, viz. “Sensory Phenomena” and “ Motor Phenomena.” 


Sensory Phenomena. 
(1) The sensory impression produced by percussion at fairly high 
speed is divisible into two phases or stages. 
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b, the secondary or indirect, which is partly propagated and partly 
induced. This varies greatly with the individual subject, and apparently 
in proportion to the density of his tissues rather than the general 
quality of “sensitiveness,” e.g. strongly built and healthy men often feel 
the secondary effects of percussion more distinctly than “highly sensi- 
tive” women, 

It is also sometimes more clearly perceived by a second person or in 
another part of the same person to whom or which it may be communi- 
cated by the vibrating finger or hand. It also affects the reflex rather 
than the distinctly sensory areas: for example, the reflex area in the 
nose, from which it is possible to excite either sneezing or coughing. 
It often extends in waves, travelling in circles, and it not praia ad 
recurs after an interval of subsidence. 

The galvanometer does not indicate any evolution of electricity. 

Very rapid percussion at the side of the tongue with a light rod, 
which may be plated, produces a special “taste” in the mouth, and there 
seem to be differences of character in the “taste,” varying with the 
point at which the instrument is applied. The sense of smell is augmented 
by light and very rapid percussion over the upper extremity of the nasal 
bones; and a visual sensation, which approximates a perception of 
colour, is experienced when the disk of the most rapid percuteur [200 
per second] is applied over the globe of the eye through the closed lids. 

Percussion frequently puts an end to the sensation of pain, I 
cannot say that it always does so, for in many instances it conspicuously 
fails. Sometimes arrest of pain is best accomplished by applying the 


_percuteur at a point distant from, but in reflex relation with the part to 


which the pain is referred by the sufferer; but more commonly it is 


‘sufficient to apply it to the supposed “seat of pain” directly, pressing 


strongly for a deeply seated pain and lightly for one that seems to be 
superficial; as a rule, a high rate of speed most readily relieves a dull 
grinding pain, and a lower rate a very acute pain. Whether I am 
right in supposing that the relief is obtained by the arrest of painful 
molecular vibration by discordant molecular vibration induced by the 
coarse vibrations set up by the mechanical movements of the percuteur, 
or in some other way, I must leave you to determine. 


Motor Phenomena. 


(2) The motor phenomena which percussion is ereree of sinitinn 
are either directly reflex or so far “organised” as to be independent of 
the Will, Consequently if the centres with whose action consciousness 
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is associated come into operation they inhibit the response of the 


normally subordinate centres. It is only when either the attention is 
diverted, or there is some block in the line of communication between 
the volitional and the automatic or reflex centres, so that the last- 
mentioned are able to act independently or in spite of restraint and 
control, motor phenomena can be obtained by percussion, 
Of course the knee-jerk sometimes produced by percussion over the 
patellar-tendon,is nothing more than thereflex—if it be reflex—movement 
commonly elicited by tapping the tendon with the finger or an ordinary 
percussion-hammer: but when I can produce. this movement (which is 
not always the case, on account of the difficulty of getting a sufficiently 
forcible blow with the percuteur) the succession of the excitations 
produces first a series of clonic contractions and then a tonic contracture ; 
and the leg is occasionally extended with almost cataleptic rigidity. 
There is however a limit to the production of this effect. After a 


_ period of variable length, during which the contracture may be maintained 


by the repetition of the stimulus, either the centre becomes exhausted 
or the peripheral organs of the nervous apparatus located in the muscle 
are no longer capable of performing their function. This phenomenon 
of the knee-jerk is not easily produced in adults but is common in 
children, and although the will cannot inhibit the reflex under ordinary 
conditions of tapping the tendon, I believe it can nearly always prevent 
its production by the percuteur or arrest it when produced. 

In cases of loco-motor ataria, when the evidences of sclerosis in the 
cord are clearly discernible, the knee-jerk cannot, of course, be elicited, 


but the extensors of the leg—the tibialis anticus and the peroneii, for 


example—may often be thrown into a spastic condition, with a contracture 
nearly resembling cramp, the belly of the muscle being intensely hard : 
but the moment the patient brings the will into action he can overcome the 


— contracture and the phenomenon disappears. There is, however, in many 


cases this, to me, strange fact, namely, that precisely the same movements 
consisting of slowly growing contractions will be repeated once, twice or 
thrice [in one of my cases this reproduction occurred five times] at 
intervals of a few minutes—a/ter the percussion which originally elicited 
them had ceased, and without its repetition; I have seen this take place 
when the stimulating percussion has been applied not directly but 


through water, where the superficial or cutaneous reflexes were very 


strongly marked in a case of syphilitic origin of many years’ standing. 
_ Another notable fact is the induction of movements in an opposite 
limb by percussion on the other; although the two legs have been 
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extended on different chairs and every precaution has been taken to 
avoid the transmission of the mechanical stimulation. 

I should mention that the patients upon whom I have epee’ 
have in all cases been males, and, so far as I could ascertain, not either 
hysterical or unduly self-conscious, indeed one of the conditions of the 
_—— of - phenomenon seems to be a ass attention. 


2. Dr E.RBS., made the following communication on the 
“ Bacteria of Swine Plague.” 

The Author had described in 1877—1878 that in this acute infectious 
disease the diseased organs contain a form of bacteria, in morphological 
respects identical with bacillus subtilis, i.e. longer or shorter mobile rods 
and capable of forming spores; further, that artificial cultures of these 
bacilli cause the disease in pigs after inoculation ; and lastly that mice 
and rabbits are susceptible to this disease after inoculation with 
material directly derived from the diseased organs of the pig or 
with artificial cultures, Last year M. Pasteur maintained to have 
cultivated from the blood of the pig, ill with the disease, a microbe 
which is not a bacillus, but a dumbbell micrococcus. He states 
that he has produced with these cultures fatal illness in pigeons and > 
rabbits and has also caused the plague in swine. The Author by new 
experiments shows that M. Pasteur is wrong in all points. First, he 
shows that pigeons are altogether insusceptible to the disease, 
since inoculations with material directly derived from the diseased 
organs of the pig, dead of swine plague, material well known 
to produce the disease in the pig, mouse and rabbit, are altogether 
harmless to pigeons, and similarly cultivations of the true bacteria 
of swine plague do not affect pigeons in the least. According to 
M. Pasteur’s statement the pigeons inoculated with his cultures 
of dumbbell micrococcus died under symptoms and with anatomical 


lesions almost identical with those of that form of septicaemia known 


as fowl cholera; and the conclusion is therefore forced upon us that 
M. Pasteur’s cultures were contaminated with or contained solely 
the organism of this septicaemia, Similarly his rabbits probably 
died from the same disease, since these animals are exceedingly 
susceptible to septicaemia. 

Examining the diseased tissues of pigs dead of swine plague 
after the modern methods of aniline staining, the Author ascertained 
that all the diseased organs (lungs, intestines, inguinal and bronchial 
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lymph-glands) contain the characteristic bacilli, mostly. filling . and 
plugging minute blood-vessels. So do the diseased organs of mice and 
rabbits (spleen, liver, lung) dead of the disease. 

Artificial cultivations were made in broth and hydrocele fluid from 
diseased organs of the pig, mouse and rabbit, and it was found that after 
an incubation of 24 hours at temperatures ranging between 30 and 42 C., 
the above rods were found crowding the nourishing fluids, all being 
rather short, about 0°002 to 0°003 mm. long, and all possessed of active 
locomotion, such as is known to be possessed by septic bacterium termo 
and bacillus subtilis. During the following days of incubation, while 
the rods multiply, many of them lose their mobility, grow longer, up to 
0005 mm. and more, and in some of the longer examples bright spores 


_ make their appearance, one spore at one or both ends or also in the 


centre. 


through ‘successive generations, all cultures behaving in the same 
manner, and in all the rods only being present, showing exactly the 
same changes as in the parent culture. 

-- The smallest droplet of any of these cultivations produces the disease 
in pigs, mice and rabbits. The mice and rabbits die under exactly the 


same appearances and with the same anatomical lesions as when they — 
are inoculated with material directly taken from the diseased organs of 


a pig dead of swine plague. These animals generally die on the fifth, 
sixth or seventh day, and on a post-mortem examination show a charac- 


teristic swelling of the spleen, a characteristic disease of the liver (chiefly - 


coagulation-necrosis of tracts of the liver tissue), and inflammation of the 


lungs. | 
Inoculations of sterilized suitable nourishing fluids made from the 


- spleen, liver and lung of such animals always succeed in producing a 


copious crop of the characteristic bacilli, so do those made with the lung 
and bronchial glands of the pig dead of swine plague, but from the 
blood of the pig the cultivations do not as a rule succeed, nor as a rule 
from the blood of mice; occasionally however those from the blood of 


rabbits dead of the disease do succeed. 


3. Dr Pye Smits showed a rabbit in which the effects on the ear 
and pupil of excision of the superior cervical ganglion had persisted for 
more than five years, and referred to other cases in which he had 
observed the same results after months and years had elapsed. 


From these cultivations new cultivations were made and carried on 
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4. Mr A, SHerwwan Lea demonstrated the action of the rennet 
ferment contained in the seeds of Withania coagulans. 


5. Mr J. N, F.R.S., and Mr SHERRINGTON showed sections 
of the right half of the medulla oblongata and of the spinal cord of the 
dog which was exhibited by Prof. Goltz at the International Medical 
Congress of 1881 (cp. Journal of Physiology, Vol. tv. p. 231, 1883). 

In the crusta the greater number of the bundles of fibres showed 
marked signs of degeneration, the seme and meso-ventral bundles being 
least affected. | 
_ In the anterior pyramid in ae course sania the pons the number 
of normal nerve fibres was less both absolutely and relatively than 
in the crusta, the dorsal bundles containing fewest normal nerve fibres. 

_ Below the trapezium, the dorsal boundary of the area of sclerosis was 
less distinct, on account of the admixture of the ukees of the fillet. 
(Olivenzwischenschicht). 


The pyramid in the region of decussation showed a leila mesial ~ 


degenerated portion, the continuation of the pyramid proper and a normal 
lateral strip continuous anteriously with the sub-olivary layer. | 

In the spinal cord there was an area of partial degeneration on ik 
side of the cord in the lateral pyramidal tract, it could be followed as far 
as the upper lumbar region. 

Throughout the degenerated area there was a considerable number | 
of normal nerve fibres. The spot of greatest degeneration was placed 
rather more dorsally on the right side of the cord than on the left. 
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1, THE following observations by Miss Greenwood “On the Gastric 
Glands of the Pig” were communicated by Mr Langley. 

In the gastric mucous membrane of the pig there are two distinct 
forms of glands in addition to those of the pyloric region. | 

(a) Fundus glands. These accompany a thin and only slightly 
folded mucous membrane, and occupy all the “cardiac” end of the — 
stomach, encroaching therefore upon the greater curvature. They are 
short ; of calibre changing but slightly throughout their course ; basally 
. they branch and curl about, and their outlines are well defined by 
connective. tissue which, with some unstriated muscle, runs up in 
considerable quantity between them from the underlying part of the 
mucous membrane, The cells are in the upper part of the gland 
cubical to cylindrical with very complete mucous change. Lower come 
cells with this change confined more and more to a narrow zone next 
the lumen ; and succeeding these and stretching to the base of the 
gland are ‘cells with large spherical nuclei, small amount of. cell- 
substance (reticulate under some re-agents), and differing in- many 
respects from the ordinary chief cells of mammalian glands. 
No border cells are present in this region of the stomach, 
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(b) Greater curvature. The glands here are long, and after branch- 
ing once or twice dichotomously give off many short side-branches 
which themselves end in little sacculations, Central and lateral lumina 
are in size indistinguishable. From the muscularis mucose, run tra- 
beculee composed partly of connective tissue, but mainly of unstriped 
muscular fibre, which form distinct primary septa enclosing two, three, 
or more glands. In these septa run the larger arteries and veins, and — 
from these septa connective tissue is given off to surround the gland- 
tubulets. 

Besides mucous cells, to be mentioned presently, these glands have 
the ordinary chief- and border-cells of mammalian gastric glands, The 
chief-cells are in the fresh state filled with coarse granules which are 
especially obvious when the cells are teased out in normal salt solution ; 
the granules are not preserved by osmic acid, but break down and give 
a yellow tinge to the cells. The chief-cells are first distinct about one- 
third way down the glands, and then increase in number to the ends of 
the gland-tubes, except where they are displaced by mucous cells. 

The border-cells vary in number and disposition from the mouth to _ 
the end of the glands. A short distance from the surface of the gastric 
mucous membrane, they occur as rather small cells amongst the ordinary 
mucous cells of the mouths of the glands. Lower they increase in 
number and size, and the mucous cells diminish in number, so that in 
the region where the glands have most side-branches and sacculations, 
they are the only, or nearly the only, cell-form present. Lower, as the 
chief-cells make their appearance, the border-cells recede from the 
lumina of the gland-tubes; at first they usually retain a connection 

with the gland-lumen by means of a space between two chief-cells— 
this space may be partially occupied by a process from the border-cell 
as described by Stohr’ in the gastric glands of man,—later they usually. 
lie completely outside the chief-cells, much as described by Heidenhain’*, 
enclosed in a bulging of the basement membrane of the gland. | 

As yet a space between the chief-cells of this part of the glands, by 
which the secretion from the border-cells could reach the lumen, has not 
been demonstrated. When the fresh glands are treated with nitrate of 
silver, the border-cells stain deeply, whilst the chief-cells remain colour- 
less, The border-cells not infrequently contain two nuclei, and in the 
present. 


1 Archiv f. Mik. Anat. Ba. xx. 8. 221. 1882, 
2 Ibid. Ba, vi. 8. 898.1870. 
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The bases of the glands are composed almost exclusively of chief- 
cells, and of mucous cells; as a rule one cell-form only occurs in any 
one gland-tube. The mucous cells are more like those of a mucous 
salivary gland than of any mammalian gastric gland yet described, they 
increase in number towards the pyloric region of the stomach. 

With equal weights of the dried gastric mucous membrane, the 
following was the order of digestive activity on fibrin in the different 
regions, (1) Anterior part of complex gland region, (2) Posterior part of 
complex gland region, (3) Simple gland region of fundus, (4) Pyloric 
region. . The amount of rennet-ferment varied in like manner, but the 
between various regions was less. 


2. By Dr Cuartes S. Roy. Note on a method of measuring the 
specific gravity of the blood for clinical use. 

Since venesection has been abandoned as a method of treatment in 
civilized countries little or nothing has been learned on the subject of 
the Sp. Gr. of the blood either in health or disease. The reason of this 
neglect of so interesting and important a subject is, evidently, to be 
sought in the fact that it is no longer an easy matter to obtain from the 
living patient a sufficient quantity of blood to permit of its density being 
estimated by any of the various methods which are in use for measuring 
the Sp. Gr. of fluids. 

Even before the relinquishment of venesection, however, but few 
observations are to be found recorded—a fact which might only have 
been anticipated considering the time and trouble which must be 
expended in making each measurement, the necessity of employing 
delicate chemical balances and the number of precautions which must 
be attended to. These technical difficulties render the subject one 
little fitted to attract the attention of the ordinary physician, and 
accordingly we find that while physiologists have carefully measured 
the density of the blood in health and the differences which it presents 
in the two sexes and at different ages, the influence of disease on the 
Sp. Gr. of the blood has received but little attention. 

It may be mentioned, however, that the few observations which are 
recorded on the density of the blood in disease shew that the Sp. Gr. of 
this fluid may undergo very great changes as a result of various morbid 


_ conditions. Davy for example, gives one case in which the density of 


the blood was found so low as 1038—the normal average in man being 
1055. | 


The only instrument required for measuring the Sp. Gr. of the blood 
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by my method is an ordinary hypodermic syringe, the needle’ of which 
has been slightly altered—its point having been taken off and the steel 
tube prolonged backwards so that its inner end when it is fixed on the 
syringe is visible from without. Besides this instrument there are 
required a number of solutions of salt or other suitable substance of 
various densities from 1040 to 1075. For all practical purposes about 
a doz. and a half of these solutions are sufficient to enable one to arrive 
at the true Sp. Gr. of the blood with great exactitude, although, where 
absolute accuracy in the measurement is desired, it is advisable to have 
a larger number of solutions. In —_ a case two doz. are. smply 
sufficient. 

These solutions may be sails ‘aiadt in a case containing the 
requisite number of oz. and a half, or two oz. bottles which should be 
wide enough in the mouth to allow of the syringe being filled from 
them directly. The following is a list of the Sp. Gr. which I have 
found the most convenient for practical purposes, viz., 1040, 1045, 1047, 
1049, 1050, 1051, 1052, 1053, 1054, 1055, 1056, 1057, 1058, 1059, 1060, 
1062°5, 1065, 1067°5. 

The normal density of the blood varies in different individuals 
between 1051 and 1059 and therefore I have given a solution for every 
degree between these values. As, however, there is little to be gained 
from the knowledge that, for example, the blood of a particular indi- 
vidual is of the Sp. Gr. 1056 and not 1057, both being within the limits 
of health, there is no real necessity for having so many solutions within 
such limits, 

That, however, is a matter of detail of little importance and, leaving 


_ the appliances required for the measurements in question, I will proceed 


to describe the method of employing them, This is simplicity itself. 

The syringe having been half or three-quarters filled with one of the 
salt solutions a portion of a drop of the blood to be examined (obtained 
from the finger in the ordinary way) is drawn up into the syringe, care 
being taken that no air is introduced along with it. 

If, now, the blood be of greater Sp. Gr. than the fluid in the syringe, 
it at once sinks to the lower part of the latter, while if it be of less 
density it at once rises to the 
syringe. 

_ In the former case, having emptied the syringe, we repeat the 
process with a solution of higher Sp. Gr., and one or two trials enables 
us to find between what two solutions the drop of blood ceases to sink 
and rises instead. 
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'. When we have found this we know that the Sp. Gr. of the blood lies 
between these two values, As the members of the Society can readily 
convince themselves, the method is one of extreme delicacy, a very 
minute difference in density be ween the blood and the fluid employed 
shewing itself at once by the behaviour of the drop. | 
_.. Let me now refer for a moment to the degree of “possible error” 
. inherent in the method, and the means by which the greatest accuracy 
may be attained. A moment's consideration will recall to one’s mind 
that the difference in temperature between the blood and the standard 
solution into which it is drawn may have a marked influence on the 
result of the measurement. The effect of this is found, however, in 
practice to be so slight that it may, for all practical purposes, be ignored. 
This is doubtless due to the fact that the small. part of a drop which is 
‘drawn into the syringe, at once loses a great part of its heat to the 
much larger quantity of fluid with which it comes in immediate contact. 
Whatever be the cause of it, my control experiments invariably shewed, 
that the possible error, where reasonable precautions are taken, is less 
than a degree of the ordinary Sp. Gr. scale. These experiments I made 
by first measuring the density by my method and then drawing off 
y : enough blood from the animal to permit of the Sp. Gr. being obtained 
ESO g by the method of weighing in a Sp. Gr. bottle, so that its weight — 
: might be compared with that of the same volume of distilled water 
in the ordinary way. 
| __ -I do not propose to do more on the present occasion than describe 
: — the method, reserving for a future opportunity an account of the results 


we 


, [| __ obtained by its help, and I will only mention, for the benefit of those 
| @ who may desire to employ the method at the bedside what are the 


normal limits of the density in man. The following is briefly all that is 

_ known on the subject :—The blood of men is somewhat heavier than a 

that of women, the values for the former being from 1056 to 1059, a 

a while the blood of females varies from 1051 to 1055. The blood of = 
children is specifically lighter than that of adults. It would also seem 
, : that the density of the blood is greater in the morning than it is at 
: night—an effect apparently due to the fluids swallowed during the day. 
} The above figures are taken from Nasse’s article on the Blood in 

Wagner's Handworterbuch. 


- 4 8, By Dr L. C. Wootpriner, “On the Coagulation of the Blood,” 
. The author confined himself almost exclusively to the description 
and elucidation of his own views on this subject. Injection of pepton 
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prevents coagulation by preventing the interaction between white blood 
corpuscles and blood plasma which normally takes place in shed blood. 
The plasma when it has left the vessels exerts an active destructive 
influence on the white corpuscles. In consequence of this the protoplasm 
of the cells is converted into fibrin, but at the same time there are 
liberated from the cells certain bodies which bring about the coagulation 
of a coagulable body in the plasma. 

There is no fibrinogen present as such in normal plasma, but a 
mother substance of this body. 

The bodies which the cells give out are not yet fully ascortained, 
but Lecithin prepared from the cells and from other sources is able to 
bring about coagulation. 

Ferment arises from some scouong in the plasma, but it may also 
arise from the cells. 

So far as the author's experience goes paraglobulin is not concerned 


| i coagulation. 


4, MrA.8. oe made some remarks on a new absorptiometer. 


5. Mr V. Horstry made some remarks on cerebral localization, in 


continuance of his observations at sere —" nioreng; and exhibited 
some illustrative curves, 


6. Mr Gapow exhibited some young which had 
retained their gills beyond the usual period. - 
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1. Dr Pavy, FRS, showed a product derived from glucose by | 
bringing it in contact with gastric or intestinal mucous membrane. In > 
ten minutes the glucose is changed to a body with “pie about half. the 4 
reducing power of glucose. | 4 

‘Havonorr showed the effects of watery. extract of the 


medicinal and common ‘leech i in preventing coagulation of the blood. 


3. Dr GASKELL, F.R.S., “On the action of the sympathetic nerves 
upon the heart of the frog.” 
The author exhibited to the members of the society a. series of 
tracings showing the influence of the sympathetic nerve upon 
| (1) the rate of rhythm of the heart, : 
(2) the strength of the auricular and ventricular contractions, 
(3) ‘the conduction power and excitability of the cardiac muscles. 
In all cases the action of the nerve is simply one of augmentation. © 
The rate of the rhythm is most markedly accelerated, the strength 
of the contractions both of auricles and ventricle is enormously in- 
creased ; and the ventricle is made to respond again in sequence with 
the auricles when that due sequence has been either impaired or 
abolished by clamping the tissue ia the auriculo-ventricular groove. _ 
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On the other hand stimulation of the intra-cranial vagus was shown 
to cause purely inhibitory effects; both the rate of rhythm and the 
strength of the contractions being markedly diminished not only during 
the stimulation but permanently. 

The author further described the course of the sympathetic fibres 
from the spinal cord to the heart and showed that it corresponded in 
every respect to that of the accelerator nerves in mammals. 

In the frog the 2nd nerve constitutes the brachial plexus, receiving 
a branch from the 3rd nerve. A well-marked ramus communicans 
passes from the spinal cord along with the 3rd nerve to the sympathetic 
chain and is in communication with a large ganglion situated on the 
main sympathetic trunk between the brachial and 3rd nerve. This 
large ganglion extends over the brachial nerve and communicates with 
the next ganglion situated near the Ist nerve not by a single sympa- 
thetic trunk but by means of three divisions, Of these three parts the — 
stronger branch lies on the one side and the two weaker on the other 
side of the subclavian artery. Between therefore the large ganglion in 
the neighbourhood of the brachial nerve and the smaller ganglion in the 
neighbourhood of the 1st nerve, the sympathetic chain forms a true 
Annulus Vieussenii through which the subclavian artery passes. 

_ We may therefore call the large ganglion in connection with the 3rd_ 
nerve, the 1st dorsal ganglion or ganglion stellatum ; and the ganglion 
connected with this by the Annulus Vieussenii the inf. cerv. ganglion: In 
accordance with this the 8rd nerve would correspond to the Ist dorsal 
in mammals and the cervical vertebre would therefore be represented 
in the frog by the first two vertebrae. From the inf. cerv. ganglion the 
main trunk of the sympathetic accompanied by the occipito-vertebralis . 
artery passes towards the large ganglion of the vagus which lies just 
outside the foramen in the ex-occipital bone. The whole of it does not 
however pass into this ganglion, for just before reaching the ganglion — 
branches are given off which apparently pass directly into the vagus 
nerve and run to the heart without entering into the ganglion. Also 
it is doubtful whether the majority of the fibres passing into the cranial 
cavity communicate with the ganglion on the vagus nerve or whether 
in reality they do not form a separate ganglion of their own corre- 
sponding to the sup. cervical ganglion. It is to be noticed that stimu- 
lation of the sympathetic as mentioned above not only augments the 
action of the heart but also dilates the pupil on the same side. It is clear 
therefore that the sympathetic nerve fibres of the frog pass to the heart . 
from the spinal cord through the Ist thoracic ganglion, thence through — 
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the inf. cerv. ganglion to join the vagus fibres below the ganglion trunci 
Vagi. These fibres therefore run the same course as in the crocodile 
and in the mammal, and in all cases it is seen that the action of the 
sympathetic is of the same kind, i.e. the nerve produces an | augmenting 
effect upon the various cardiac functions. . 

In conclusion the author suggested that the heart being only a 
modified portion of a vein or artery, it was probable that the action of 
the sympathetic system upon it was essentially of the same kind as the 
action. of the sympathetic upon the blood-vessels, and that therefore 
it would be a matter of extreme interest to compare the cardio-excitor 
and vaso-motor actions of the sympathetic nerve system. 

Subsequently the author demonstrated the position and action of 
the right sympathetic nerve in the frog, the ventricle of the heart being 
attached by means of a thread to a lever and the aorta held tight in a 
clamp. By this means the acceleration and augmentation of the con- 
tractions were well shown. | 

_ Another frog was then taken and the intra-cranial vagus nerve 
prepared on the right side; with each stimulation it was shown that the 
heart remained absolutely still however long the stimulation lasted, and 
the standstill lasted a long time after the end of the stimulation. 
When the beats did appear they were neither stronger nor quicker than 
before but on the contrary after each successive stimulation a permanent 
weakening was observed, so that before very long the heart was reduced 
to a condition very near to that of death in which a single beat’ took 
place once or twice a minute of so weak a character as to be barely visible. 

The sympathetic nerve between the inf. cervical ganglion and the 
ganglion trunci Vagi was then placed on the electrodes, and with the 
first stimulation the heart immediately began to beat even more strongly 
and rapidly than before the first stimulation of the vagus nerve. 


_ 4 Mr Poutton made a communication “On the Tactile terminal 
organs and other structures in the Bill of Ornithorhynchus.” : 

The epidermis of the bill is cornified, and yet it must be highly” 
tactile from the great abundance of medullated nerves (showing 
Ranvier’s nodes) in the dermal tissues. The infra-orbital foramen is 
of immense size and so also are the foramina supplying nerves to the 
lower bill. The object of the research of which an abstract is now given, 
was to find the sensory terminal organs of these nerves. Vertical 
sections showed the existence of hair-like rods, projecting with a convex 
boss (like the push of an electric bell) from the surface and surrounded 
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by a slightly raised margin. Inferiorly these rods terminated in a 
convex surface against which a group of small Pacinian bodies was 
always collected. Horizontal sections showed that this association was 
invariable, and that the groups usually contained four, five, or six 
Pacinian bodies. The Pacinian bodies were quite similar to those in the 
tongue of Ornithorhynchus (described in the Quarterly Journal of 
Microsc. Sci. July 1883). They are arranged with their sides parallel 
to the surface from which the pressure is communicated (apparently an 
invariable arrangement in this animal), The obvious use of the rods is 
to supply special moveable areas yielding to surface pressure which is 
thus communicated to the terminal organs below. This highly re- 
markable arrangement doubtless follows from the habits of the animal, 
which procures the aquatic larvee upon which it feeds from the soft mud 
at the bottom of ponds. Hence the bill is hard and strong and yet the 
necessity for a very delicate tactile sense is met. The distribution of 
the rods further supports this theory as to their use. The rods and 
Pacinian bodies are far more abundant in some ridges inside the lower 
bill (in a position which is obviously of great tactile importance) than 
upon the external surfaces. 

The rods consist of an axial group of fine fibrils (perhaps tubular) 
around which are two rows of imbricated cells with a circle of similar 
fibrils between them. Outside these cells is another row similarly 
imbricated, followed by concentrically arranged fusiform cells belonging 
to the general epidermis. Between the rods are the openings of 
convoluted tubular glands very much resembling ordinary sweat glands. 
Approaching the surface the duct enters the swollen base of a descending 
epidermal process in which it coils and ascends (generally with a few 
curves) to the surface. The swollen structure is formed of polyhedral 
cells and exactly resembles a hair papilla. The duct alone is surrounded 
by densely cornified cells. The whole structure (from the bulb upwards) 
suggests a modified hair (in thé swelling, the long neck above, and the 
cornification) but further work is needed to confirm this ‘hypothesis. It 
is also possible that the rods are modified hairs. 

It seems probable that the glands secrete a substance which owen 
the bill in its prolonged immersion in water. 


5. Dr KLEIN exhibited culture tubes of Micrococcus pneumoniae 
and microscopic specimens of the same micrococcus in the blood, and 
pleural exudation of rabbit and mouse dead after areuipsstonans with 
human pneumonia. 
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6. Dr MosE.y showed several plants of the Utricularia vulg., some 
of which had caught young fish. He also showed colouring matter 
obtained from deep sea Pentacrinus. 


7. Prof. Horstry exhibited several preparations proving the exist- 
ence of a “tactile” sensory system in nerve trunks, Baerwinkel had 
shown that localisation of sensation was possible in nerve trunks when 
stimulated by various agencies, especially electrical, and the. clinical 
records of cases of neuralgia frequently contain the observation that 
pain is distinctly localised at various points in‘ the course of a nerve. 
The truth of this is very apparent in a normal individual if the ulnar 
nerve be firmly pressed upon. 

‘In explanation of the above phenomena the existence of sensory 
nerves supplying the epineurium was surmised, and Sappey and Krause 
described delicate fibres running in the sheaths of nerve trunks. At 
this stage the rapidly increasing proofs of the value of nerve stretching 
as a remedial agent in the above-mentioned cases led him (at the 
suggestion of Prof. Marshall) to investigate the sheaths of nerves as to | 

the existence of special nerve fibres supplying them. 
| By employing human nerves from extremely emaciated subjects and 
by steeping the same in 1 p.c. osmic acid for 24 hours and then carrying 
on the reduction by keeping them in absolute alcohol for at least three 
days, he succeeded in finding both nerve endings and fibres. 

The nerve endings were of two kinds, viz. Pacinian corpuscles and 
tactile corpuscles, The former were found lying in the epineurium on 
the ulnar nerve just above the elbow and presented the ordinary 

2ppearances. | 

The tactile corpuscles also showed as usual a nucleated connective 
tissue capsule containing a nucleated, central, protoplasmic core through 
which wound a twisted axis-cylinder. 

These corpuscles layon the perineurium covering the primitive bundles. 

The fibre supplying the form of end-bulb was always a single one, 
running in a distinct sheath of connective tissue furnished by the 
epineurium, and took origin either from anastomosing branches of 
primitive bundles or from the bundles themselves as single or double 
fibres following the arrangement of the connective tissue bundles of the 
epineurium, 

It was surmised that by stimulation of such nerve endings in addition 
to those found in muscle and around joints information was gained of 

the position of the limbs and so-called muscular sense. 
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Prof. Horsley also showed at the same time drawings from a case of 
Encephalocele in which the enlarged corpora quadrigemina protruded 
| through a congenital fault in the occipital bone. The actual portion of — 
_ brain involved being a matter of doubt, he had applied the induced | 
, current to the mass and found that when it was directed vertically 
there ensued a rapid conjugate deviation of both eyes to the same side 
(according to which side of the middle line the electrodes were applied) ; 
no result followed if the current passed horizontally through the corpora 
quadrigemina, and beyond slight salivation there was no other symptom. 


The diagnosis based on this method was confirmed some weeks later _ 
post-mortem. 


8. Prof. BuRDON-SANDERSON exhibited the following apparatus : 
_ I. “Hermann’s differential rheotome modified for obtaining a 
continuous galvanometric reading.” 


II. “Tigerstedt’s mechanical excitor modified especially with 
reference to — of intrapolar irritability.” 
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No. IV. . December 13. 


1, Dr MeWinam demonstrated a number of facts concerning the 
reflex inhibition of the eel’s heart. 

(1) That cardiac arrest can be’readily brought about by stimulation 
of the parietal peritoneum ; while stimulation of the visceral peritoneum 
and of the gastro-intestinal tube is without any distinct. mfluence on 
the heart's beat. 

(2) That stimulation of the central end of the vagus nerve as it 
passes along the cesophagus—below the origin of the cardiac fibres— 
leads to a,standstill of the heart. | 

(3) That stimulation of the gill apertures or of the mucous mem- 
brane of the mouth and pharynx has a similar effect upon the heart. | 

(4) That stimulation of the gills or of the 5th branchial arch exerts 
a profound inhibitory influence on the cardiac action. 

(5) That stimulation of the branchial nerves is similarly effective. 

The demonstration was followed by a verbal communication of which 
the following is an abstract. 


Some points in the anatomy of the heart, 


The greater part of the thickness of the ventricular wall is spongy 
and is permeated by the venous blood circulating through the heart. 
The whole of the ventricular tissue is not, however, nourished in this 
way; the outer part of the ventricular wall is composed of dense 
muscular tissue the fibres of which are compactly arranged in an outer 
longitudinal, and inner circular, layer, -This tissue has a special system 
of blood-vessels in relation with it. It receives a supply of arterial 
blood through vessels which spring from the aorta or from a branchial 
vein, and pass to the ventricle along the fibrous bands which connect 
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the ventricle to the walls of the pericardial cavity. The veins run 
upwards and backwards on the ventricular surface to open near the © 
mitral orifice. 

The connection enon the ventricle and the other contractile 
parts of the heart is chiefly established by connective tissue; there is 
also continuity of the muscular tissue, the connection being tr the form 
of an exceedingly narrow isthmus of muscular substance. 


On the spontaneous rhythm of the heart. 


All the parts of the heart can exhibit. the property of independent 
rhythmic contraction, though in very different degrees. As regards 
independent rhythmic power the various parts form a descending series 
the highest term of which is (1) the ostial part of the sinus; next (2) 
the interjugular part of the sinus; then (3) the prolongation of sinus to 
ventricle (described in a former communication); next (4) the auricle; 
and lastly (5) the ventricle. 

The cardiac beat originating in the ostial part of the sinus is 
normally transmitted over the remaining parts of the heart. In certain 
circumstances however the propagation of the contraction over the 
organ is interfered with, and the interruption that most frequently 
occurs is a failure in the sequence of the ventricular beat upon the 
contraction of the other parts of the heart. Such a failure very 
frequently occurs when the heart has been experimented with for some 
considerable time; it can commonly be readily induced by means of 
heat applied to the auricle, The failure of sequence appears to depend 
upon @ diminished power of conduction between the ventricle and the 
remaining parts of the heart. And any influence which markedly 
enfeebles the auricular contractions (e.g. heat) is apt to lead to a failure 
of sequence. The strength of each auricular beat seems to be of much 
importance with regard to the transmission of the contraction to the 

ventricle. 
| When such a failure in the ventricular sequence occurs it can very 
frequently be removed by (1) applying salt solution (? p.c.) to the parts 
connecting the auricle and ventricle (2) by passing an interrupted 
current through the same parts, or (3) by stimulating the vagus nerve. | 


Some properties of the ventricular muscle. 
Minimal stimuli are at the same time maximal. _ | 
When the quiescent ventricle is excited at regular intervals by single 
induction shocks, the maximal force of contraction is almost invariably 
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elicited by the first shock. There is no distinct evidence of the 
occurrence of a “ staircase” of beats. 

With regard to the effects of faradisation of the ventricle it is and 
that a slowly interrupted current (3—6 per second) has a much more 
powerfully stimulating influence than has a rapidly interrupted current 
(e.g. 50 per second). The slowly interrupted current causes a much 
more rapid succession of contractions than the quickly interrupted 
current does, The passage of a weak interrupted current through the 
ventricle does not exert any depressing influence on the force of con- 
traction—either in the spontaneously beating or the artificially excited 
tissue. 


| On the action of the cardiac nerves, 

The inhibitory influence of the cardiac nerves is very profound and 

lasting. It affects the rate of the heart’s beat, and all the properties of 
the muscular substance of certain parts of the heart. 
’ The accelerating effects which may be manifested as secondary 
effects of the excitation of the cardiac nerves are slight and variable ; 
they sometimes seem to be entirely absent. There is no clear evidence 
_ of the force of the cardiac contraction being augmented by direct nerve 
influence, 

All the impulses affecting the heart’s action appear to pass ‘along 
the vagus nerves, 

The effects of cardiac arrest upon the capillary circulation are very 
gradually developed. Complete stagnation generally occurs in from one 
to two minutes after the heart’s action has been brought to a stand- 
still. | 

When one vagus is exhausted (in consequence of prolonged stimula- 
tion) the heart can generally be further inhibited by stimulation of the 
other vagus. 

A very weak interrupted current is sufficient to excite the vagus 
nerve and bring about cardiac arrest. 


EFFECTS OF VAGUS STIMULATION ON THE DIFFERENT PARTS OF THE 
| HEART. 
The cardiac nerves show no direct influence upon any of the 
properties of the ventricular muscle. When the heart is inhibited the 
ventricle stands still merely as a consequence of the arrest of the other 
parts of the heart, from which the contraction is, in the normal aie, 
propagated to the ventricle. 
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2. On the auricle. 


The effects of vagal stimulation on the auricular tissue are very 
profound. There is a powerful depression of all the properties of the 
auricular muscle—of rhythmic power, excitability, conduction power, 
contraction, force, and tone. Indeed these properties are, for the time 
being, annulled. And similar effects occur in the auricle of various 
other fishes, e.g. carp. 

At high temperatures the loss of excitability to direct stimulation © 
during vagal inhibition does not occur. 

Some effects of direct faradisation of the auricular tissue may here 
be mentioned. | 

The passage of an interrupted current through any oat of the 
intact auricle causes inhibition of that part while the rest of the auricle 


goes on beating—if the current used be not so strong as to stop the 


action of the whole auricle. The inhibited part is inexcitable to direct 
stimulation ; it appears to be in precisely the same state as that into 
which the whole auricle is thrown by stimulation of the vagus nerve. 
This localized inhibition resulting from the application of a weak 
interrupted current does not occur when the animal is curarised. And 
when a piece of the auricle has been isolated and has assumed an 


independent rhythmic activity it shows a striking difference in its 


behaviour ; inhibition from the passage of an interrupted current can 
not be got at all, or only by the application of very much stronger 
currents. 

In such cases as show no inhibition as a result of the use of 


interrupted currents (e.g. after curara, veratria, &c.) there is on the 


other hand a marked acceleration as the result of a fairly strong 


current. In fact the auricle behaves in such circumstances just as the 


ventricle does. A slowly interrupted current is more effective than a 


| rapidly interrupted one. 


3. On the interjugular part of as sinus, | 

A markedly depressing efféct is exerted on the dathinie power and — 

the excitability of this part by vagal stimulation. The interjugular 

part however recovers from the inhibited phase earlier than does the 

ostial part of the sinus and so the former, possessed as it is of high 

inherent power, comes initiate the action of 
the heart. 


4, ties she the 
Vagal stimulation powerfully depresses the sieriligiic power of this 


| part. It also depresses and indeed temporarily annuls its excitability ; 
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direct stimulation fails to elicit any response during the period of 
inhibition. 

Direct faradisation with very weak currents of the sinus causes an 
arrest of the heart’s action similar to that induced by stimulation of 
the vagus nerve. When the animal is curarised, no inhibitory effects 
result from direct faradisation of the sinus, 


On the reflex inhibition of the heart. 


The eel’s heart can be reflexly inhibited in a variety of ways. 
(1) By stimulation of the gills or of the 5th branchial arch. 
The afferent impulse to the ssa ae vagus centre is conveyed — 

along the branchial nerves. 
A very slight degree of stimulation. ee Ree or electrical) ap- 
plied to the gill is sufficient to bring about cardiac arrest. 3 

(2) By stimulation of the central end of the vagus nerve as it 
passes along the cesophagus—after the cardiac branch has been — 
given off. 

(3) By stimulation of the parietal peritoneum. 

The afferent impulses are conducted through the ange nerves and 
spinal cord to the medulla. 

Stimulation of the visceral peritoneum has no inhibitory effect on 
the heart; neither has stimulation of any part of the stomach and 
intestine. 

(4) By stimulation of the mucous membrane of the mouth or 
pharynx. 

Stimulation of the — end of the 5th nerve produces a slit 
cardiac inhibition. 

(5) By stimulation of the skin around the gill apertures, 

(6) By stimulation of the 1st spinal nerve. 

(7) By stimulation of the skin of the head or of the tail. | 

Stimulation of the skip of the intermediate part of the animal has 
no cardio-inhibitory effect unless the stimulation is very powerful. 

Severe injury of any part of the animal, excepting the abdominal 
organs, leads to reflex cardiac arrest. 

The heart can be reflexly arrested with great alae: in many 
other fishes as well as in the eel. In the carp for example, stimulation 
of the gills or of the skin brings about a prolonged cardiac standstill. 


2 Dr S. Ringer described the results of experiments on the 
frog's heart showing the antagonistic action of certain lime salts and 
veratria. 
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3. Dr M°Munn made the following communication “On Myohae- 
matin, an intrinsic muscle-pigment of Vertebrates and Invertebrates, on 
Histohaematin, and on the Spectrum of the Supra-renal Bodies.” 

The absorption spectra to be described were detected by means of 
the microspectroscope, and most of them are only fully visible in it, as 
the dispersion of the chemical spectroscope is too great for the detection 
of some of the very feeble bands. A binocular microscope provided with 
a substage achromatic condenser to which is fitted two diaphragms was 
specially made for this kind of work. Its objectives are so adapted as to 
enable both fields to be fully illuminated when any power up to the jth 
is used. The left hand tube is used as a “ finder,” and as a means of 


- getting any required portion of the object into the centre of the field so 


that its spectrum may be obtained in the spectrum eyepiece of the 
right hand tube. In this way the various portions of a very small bit. of 


tissue or organ may be readily differentiated from each other and their 


spectra observed. Moreover by the use of the iris diaphragm which is 
placed below the substage condenser the marginal part of the field can 
be readily cut off. Another piece of apparatus is indispensable namely 
the compressorium, as by its aid the section is squeezed out thin enough 
to allow the spectrum to be observed. 

No reagent whatever is required for the detection of the spectra to be 


_ described so that the substances present cannot be altered in any way. 


Myohaematin. Physiologists have accepted Kiihne’s statement that 


muscle owes its colour to haemoglobin, but although the majority of 


voluntary muscles do owe their colour to it, it is accompanied by 


_myohaematin in most cases, and sometimes entirely replaced by it, 


while in other cases it entirely replaces myohaematin. The heart 
muscle of every vertebrate animal which J have examined yields myohae- 
matin which gives a very beautifully diffused spectrum totally distinct 
from any decomposition product of haemoglobin, e.g. methaemoglobin, 
acid or alkaline haematin, or haematoporphyrin, All one has to do in 
order to detect myohaematin is to cut off a bit of heart muscle, put it 


_ while fresh in the compressorium, press it down and observe the 


spectrum. No reagent whatever is required. The spectrum consists of 
three bands, two of which are very narrow and persist after the 
haemoglobin bands have gone when the tissue has been squeezed out to 
great thinness in the compressorium. The bands have been missed by 
other observers simply because when the oxyhaemoglobin bands are well 
marked they cover and are merged into the myohaematin bands. 
The first band of myohaematin occurs just before D, the next two (of 
sas narrowness) are placed between D and E, and two other faint 
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bands may be present near violet, of which the first covers H and b and 
the other is between G and F, close to latter line. Their wave-lengths 
are Ist band A 613—596'5, 2nd band » 569—563, 3rd band > 556—549 
(heart of dog) and they have been measured in all cases with the same 
result. I find myohaematin in the heart muscles and some voluntary 
muscles of the following Mammals: man, dog, cat, rabbit, guinea-pig, 
hedgehog, sheep, cow, pig, rat and hare. In Birds: in pigeon, owl, duck, 
_ goose, turkey and fowl. In Reptiles: in green lizard, common ringed 
snake and fresh-water tortoise. In Batrachians: in toad, frog, sala- 
mander and tree frog. In Fishes: in herring, mackerel, tench, roach, 
eel, plaice, whiting and codfish’. But it is also found in Invertebrates, 
in which I first detected it. It is found in the muscle from thorax and 
in leg muscles of the following insect genera: Dytiscus, Hydrophilus, 
Lucanus, Cerambyx, Creophilus, Staphylinus, Geotrupes, Coccinella, 
Musca (3 species), Tipula, Gryllus, Blatta, Vespa, Apis, Bombus, Pieris, 
Enuomos, etc. It also occurs in the cephalo-thoracic muscles of spiders, 
in the heart of the crab, lobster and crayfish (and not in their voluntary 
muscles); in the heart and buccal muscles of Arion, Limax, Helix and 
other pulmonate mollusks, while in other mollusks it appears to be 
replaced by haemoglobin in the pharyngeal muscle, as Prof. Ponneneet 
has found out. 

Two attempts have been made to isolate it. In the first it was got 
out of the muscle by digesting in pepsine solution and was slightly 
changed in the process; in the second it was got out of the frozen heart 
muscle of a rabbit by pressing out the plasma’, here it was mixed with 
traces of haemoglobin but could be differentiated from it: hence it 
probably occurs in muscle plasma like muscle-haemoglobin, - : 

_ Histohaematin, This name has been given by me to a class of 
pigments or modifications of the same pigment, which are found widely 
distributed in the Animal Kingdom. Myohaematin belongs to them, as 
.can easily be shown. They are found in Mollusks, Arthropods, Echino- 
derms, and, modified peculiarly, in Coelenterata, The bands are carefully 
measured and compared with spectra yielded by various organs and 
tissues of Vertebrates, and no difference is found between those of Verte- 
brates and Invertebrates. Inorder to see these spectrain the higher animals 
the blood vessels are washed out with salt solution thoroughly, and then 
theorgans and tissues examined in the manner described. It is not possible 
to go into this subject in an abstract, as the facts are too numerous to 
be compressed into such a small space; it will suffice to say that the 
1 These being all the animals which I have yet examined. 


2 After suitable precautions had been taken to exclude the influence of the blood as 
fully described in the demonstration. 


* 
4 
a 
™g 
ia 
~ 
ax 
4 
‘af 
# 
+ 
. 
a3 
« 
uh 
rs 
x J 


xxvi PROC. PHYSIOL. S00. DECEMBER 18, 1884. 


histohaematins are respiratory pigments as can be proved by oxidising 
and reducing them in the solid organs. Their bands occupy almost the 
same place as those of myohaematin, except that the second and third 
bands of the myohaematin spectrum appear poregrenest into one in 
some cases. 

Myohaematin itself is also undoubtedly a respiratory substance. 

Spectrum of the Supra-renal Bodies.. In the supra-renals of man, 
cat, dog, guinea-pig, rabbit, ox, sheep, pig and rat, the medulla gives 
the spectrum of haemochromogen, while the cortex shows that of a 
histohaematin. Wherever we find haemochromogen in a vertebrate 
body it is probably excretory and I have only found it in the bile and in 
the liver. Hence, and owing to the remarkable darkness of its bands in 2 
the medulla of the adrenals, it must be looked upon here as excgetory; if 
so, the function of the adrenals must be (at least in part) to metamor- 
-phose effete haemoglobin or haematin into haemochromogen; if from 
disease, or after removal as in Tizzoni’s experiment, the effete 
pigment is not removed pigmentation of skin and mucous membrane 
may take place. The presence of taurocholic acid in the medulla 
(Vulpian), the resemblance in the structure of the adrenals to that of 
the liver, and the large lymphatics, with the well-known results of 
disease of the adrenals in Addison’s disease all go to show that an active 
metabolic process is taking place in them, and I believe I am justified 
in concluding that they have a large share in the downward metamor- 
phosis of effete colouring matter, and that these observations will 
help to throw some light on Addison’s disease. 


4. Dr Martin showed the result of some experiments on the | 
digestive properties of papaein, 


5. Dr showed his of separating the 
of blood serum. 


6. Dr Buxton proposed to substitute peptone for lime in cardiac 
circulating fluids. He stated that a perfect circulating fluid could be 
made up of saline solution and peptone in which the peptone was 
present in extremely minute quantities. This mixture would enable 
the frog’s heart to work well for a long series of observations. He also 
.demonstrated a very simple form of recording apparatus made with an 
ordinary cylinder attached by a band to a common American clock. 


_ Pror. ScHAFER showed many microscopic specimens which demon- 
stated, by means of osmic acid staining, different: modes of absorption of 
fat by the small intestine of the frog. 
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